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PREFACE 


This  is  one  of  a series  lof  NBS  reports  of  spectrophotometri 
and  colorimetric  work  done  under  NBS  Project  No.  0201-20-2325 
entitled  Color  Reconnaissance  Studies,  financed  by  the  Aerial 
Reconnaissance  Laboratory,  Wright  Air  Development  Center,  Wright 
Patterson  Air  Force  Base,  Ohio;  Air  Force  Contract  No.  33(6l6) 
52-21.  The  present  report  on  cereal  crop  diseases  was  made  in 
cooperation  with  the  National  Research  Council,  Committee  on 
Plant  and  Crop  Ecology,  Division  of  Biology  and  Agriculture, 

Dr.  Everett  F.  Davis,  Executive  Secretary;  and  with  its  Sub- 
committee on  Crop  Geography  and  Vegetation  Analysis,  under  the 
chairmanship  of  Dr.  Robert  N.  Colwell,  Associate  Professor  of 
Forestry  and  Associate  Silviculturist  in  the  Experiment  Station, 
Department  of  Forestry,  liiiversity  of  California,  Berkeley, 
California. 


Harry  J.  Keegan 
Project  Leader 
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SPECTROPHOTQMETRIC  AND  COLORIMETRIC 
STUD!  OF  DISEASED 
AND  RUST  RESISTING  CEREAL  CROPS 

Harry  J.  Keegan,  John  C.  Schleter,  Wiley  A.  Hall,  Jr., 

and  Gladys  M.  Haas  ^ 

Abstract 


This  stady  involves  the  development  of  a method  for  the  detection  and 
for  the  evaluation  of  wheat  rust  and  of  other  cereal  crop  diseases  in  the 
field  by  means  of  ground  or  aerial  photography  based  on  spec  tropho  tome  trie 
and  colorimetric  analyses  of  specimens  of  healthy  and  diseased  cereal  crops* 

To  develop  this  method,  measurements  of  the  visible  and  the  near  infra- 
red spectral  directional  reflectance,  or  spectral  transmittance,  of  30 
specimens  of  diseased  and  non-diseased  cereal  crop  plants  and  of  6 specimens 
of  rust  were  made  on  a General  Electric  recording  spectrophotometer  for  the 
spectral  range  I4.OO  to  IO8O  irdllimicrons . Three  of  the  saitples  of  rust  were 
measured  for  spectral  transmittance  and  three  for  spectral  directional  re- 
flectance* All  of  the  30  specimens  of  diseased  and  rust  resisting  cereal 
crop  plants  were  measured  for  spectral  directional  reflectance;  II4  specimens, 
of  which  nine  were  youag  wheat  plants,  two  mature  heads  of  wheat,  and  three 
young  rye  plants  were  grown  in  pots  under  controlled  conditions  at  the 
Plant  Industry  Station,  USDA,  Belts ville,  Maryland;  the  remaining  I6  were 
the  leaves,  heads,  and  stalks  of  three  species  of  wheat  growi  in  Ihe  field 
at  Stillwater,  Oklahoma,  and  flown  to  Washington,  D.  C.  for  measurement  at 
the  National  B\areau  of  Standards* 

These  spec  tropho  tome  trie  measurements  have  been  illustrated  and  tables 
of  data  are  included  as  well  as  graphs  and  tables  of  chromaticity  coordinates 
dominant  wavelength,  excitation  purity,  daylight  reflectance,  Munsell  reno- 
tations,  and  ISCC-NBS  (Inter -Society  Color  Council  - National  Bureau  of 
Standards)  color  designations.  In  addition,  color  difference  determinations 
in  terms  of  the  NBS  unit  of  color  difference  have  been  made  between  the  same 
parts  of  different  plants  and  between  diseased  and  non-diseased  parts  of  the 
same  plants  • 


» Miss  Haas  is  at  present  employed  at  the  Mare  Island  Naval  Shipyard, 
San  ETrancisco,  California. 
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lo  Introduction 


The  overall  objective  of  this  Air  Force  investigatioi  is  stated  as 
follows;  ”To  develop  by  visible^  near  infrared,  and  near  ultraviolet  spectro- 
photometry, methods  for  the  detection  of  objects  from  color  reconnaissance | 
to  study  the  colors,  tonal  contrast,  and  color  separation  necessary  in  aerial 
photography  to  yield  maximum  information^  to  determine  the  wavelength  region 
at  which  the  film  manufacturer  should  strive  to  obtain  maximum  sensitivity 
to  yield  clear  separation  of  an  object  from  its  adjacent  area  rather  than  to 
yield  true  color  fidelity 5 to  determine  the  characteristics  required  in  a sen- 
sitized material  for  the  rapid  and  accurate  extraction  of  this  information”* 

The  present  report  results  from  work  that  began  prior  to  the  formlation 
of  the  objective  of  the  Air  Force  investigation  as  stated  above  but  which 
carried  over  beyond  July  1,  1952  when  the  WADC-finaiM^ed  NBS  Color  Reconnaissance 
Studies  project  began.  In  April,  1952,  the  Committee  on  Plant  and  Crop  Ecology 
of  the  National  Research  Council,  Dr.  E.  F.  Davis,  Executive  Secretary,  in- 
vited the  senior  author  to  attend  a conference  to  assist  in  the  development  of 
methods  for  the  detection  of  wheat  rust  in  a field  of  growing  wheat.  With  the 
approval  of  the  Director  of  the  National  Bureau  of  Standards,  arrangements  were 
made  to  perform  preliminary  spec  tropho  tome  trie  determinations  on  controlled 
specimens  of  rxist-resisting  young  wheat  plants  and  susceptible  young  wheat 
plants  that  had  been  manually  inoculated  with  wheat  rust.  The  results  of 
these  initial  determinations  appeared  promising  and  furjther  preliminary  in- 
vestigations were  made  resulting  in  the  recommendations  of  the  present  methc»fl. 
The  pertinent  events  leading  to  this  investigation  are  listed  in  chronological 
order  in  Appendix  E of  this  report  (page  126).  In  195U,  the  Air  Force  became 
interested  in  these  studies  and  the  present  report  is  made  possible  by  their 
support  of  this  work. 

To  develop  fully  this  method  for  the  detection  of  wheat  rust  in  a field 
of  growing  wheat  it  was  necessary  to  measure  the  spectral  directional  re- 
flectance for  the  visible  and  near  infrared  spectrum,  UOO  to  IO8O  milli- 
microns of  a number  of  specimens  of  -the  ventral  sides  of  leaves  of  young 
wheat  plants  that  had  been  manually  inoculated  and  of  similar  species  of 
r\ist-re  sis  ting  plants,  ffeasurements  were  also  made  of  potted  plants  Ihat 
had  been  maintained  with  low  and  with  excessive  watei^l  of  wheat  rusts  for 
both  spectral  transmittance  and  spectral  directional  reflectancei  of  the  in- 
oculated heads  of  susceptible  and  resisting  wheat  plants | of  the  leaves  of 
diseased  and  healthy  rye  plants | and  of  leaves,  stklks,  and  heads  of  three 
species  of  field  grown  wheat. 

Illustrations  were  prepared  showing  the  results  of  these  visible  and 
near  infrared  spectral  directional  reflectance  and  spectral  transmittance 
measurements,  and  computations  were  made  from  the  visible  spectral  data  of 
these  36  specimens  to  illustrate  their  colorimetric  properties  in  terms  of 
the  CIE  standard  observer  and  coordinate  system  chromaticity  coordinates  and 
daylight  reflectances,  as  well  as  in  terms  of  the  Mj.nsell  renotation  color 
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system,  the  ISCC-NBS  system  of  color  designations,  and  in  terms  of  the  NBS 
unit  of  color  difference. 

It  is  believed  that  this  type  of  information  is  a necessary  step  in  the 
development  of  methods  for. the  aerial  detection  and  evaluation  of  wheat  rust 
or  of  other  types  of  cereal  cr<^  diseases. 

The  method  of  measurement  and  con^Dutation  used  in  this  report  is  that 
requested  in  the  original  project  proposal  quoted  above  and  used  in  four  of 
the  previous  seven  reports  issued  under  this  project,  [l,  2,  3,  * 

II.  Material 


The  specimens  measured  in  these  determinations  are  of  five  types; 

(a)  young  wheat  plants  grown  in  pots  under  ccn trolled  conditions,  (b)  mature 
wheat  plants  grown  under  controlled  conditions,  (c)  specimens  of  spores  from 
plants  grown  under  controlled  conditions,  (d)  young  rye  plants  grown  in  pots 
under  controlled  conditions,  and  (e)  mature  wheat  plants  grown  in  the  field. 

The  specimens  grown  under  controlled  conditions  ((a),  (b),  and  (c) 
above)  were  produced  at  the  USDA  Plant  Industry  Station  at  Beltsville, 
Maryland,  and  brought  to  the  NBS  for  measurements  by  Dr.  H.  A.  Rodenhiser  of 
the  Beltsville  Station.  These  specimens  are  further  identified  in  Table  I 
(page  U2)  Specimen  Numbers  1 to  17 • 

The  specimens  of  young  rye  plants  grown  under  controlled  conditions 
((d)  above)  were  presumably  grown  at  Beltsville,  Maryland,  and  were  brought 
to  the  NBS  for  measurements  by  Dr.  Robert  N.  Colwell . These  specimens  are 
further  identified  in  Table  I,  Specimen  Numbers  18  to  20. 

The  mature  wheat  plants  grown  in  the  field  ((e)  above)  were  delivered 
to  the  NBS  for  measurement  by  Dr.  Colwell,  who  had  the  specimens  flown  to 
Iflfeishington,  D.  C.  from  the  USDA,  Plant  Industry  Station,  located  at  Stillwater 
Oklahoma.  These  specimens  are  further  identified  in  Table  V (page  97) 

Specimen  Nuiribers  21  to  36. 

The  specimen  designations  used  in  this  report  are  those  given  by  either 
Dr.  Colwell  or  Dr.  Rodenhiser. 

III.  Preparation  of  Speclmgis 

In  order  to  study  the  spec  trophotome trie  properties  of  the  specimen 
plants,  it  was  necessary  to  cut  from  these  plants  sections  of  leaves,  stalks, 
and  heads.  The  size  of  these  cut  specimens  was  such  that  it  was  necessary 
to  form  con^DOsite  samples  made  from  several  pieces  of  the  same  or  similar 
parts  of  the  plant.  In  the  case  of  the  leaves  and  stalks,  each  sample  to  be 
measured  consisted  of  four  or  five  lengths  of  specimen  mounted  between  clear 


* Nuithers  in  brackets  refer  to  bibliography  on  page  12U  of  this  report. 
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microscope  co'ver  glasses.  The  heads  of  the  plants  were  placed  in  a clear 
glass  cell  ordinarily  used  for  the  measurement  of  spectral  transmittance  of 
solutions,  using  enough  heads  to  fill  the  cell.  The  spare  specimens  ((c) 
above),  like  the  leaves  and  stalks,  were  placed  between  clear  microscope 
cover  glasses.  The  spore  specimens  prepared  for  the  measurement  of  spectral 
transmittance  of  the  spore  consisted  of  a thin  layer  of  specimen 5 the  speci- 
mens of  spore  for  the  spectral  directional  reflectance  measurements  consisted 
of  a thick  layer  of  specimen. 

When  mounted  in  the  spectrophotometer  for  measurement  of  spectral  direc- 
tional reflectance,  all  of  the  con^^osite  specimens  between  microscope  Qover 
glasses  and  in  the  glass  cell  were  backed  with  black  velvet  on  a wooden  block. 

IV.  Spectrophotometric  Measurements 

Measurements  of  spectral  directional  reflectance  for  the  visible  and 
near  infrared  spectral  ranges  (UOO  to  IO8O  millimicrons)  were  made  for  33 
specimens  on  a General  Electric  recording  spectrophotometer  p,  6]  • Similar 
measurements  of  spectral  transmittance  were  also  made  on  three  specimens  of 
spore. 


The  measurements  of  spectral  directional  reflectance  were  made  for  the 
condition  of  included  specular  coii5)onent  of  the  reflected  radiant  energy. 
Slits  of  approximately  10  millimicrons  of  spectral  width  were  used  for  the 
measurements  in  the  visible  spectrum,  UOO  to  ?50  millimicrons,  and  20  milli- 
microns of  spectral  width  for  the  near  infl^ared  spectrum,  730  to  IO8O  milli- 
microns. 


V.  Spectrophotometric  Results 

The  results  of  the  spectrophotometric  measurements  of  spectral  direc- 
tional reflectance  or  spectral  transmittance  of  this  report  are  shown  on 
the  22  Ozalid  copies  of  the  original  recordings  from  the  General  Electric 
recording  spectrophotometer.  These  Ozalid  copies  are  a part  of  Appendices  A 
and  C of  this  report^  eleven  of  them  are  the  visible  spectrum,  UOO  to  ?50 
millimicrons,  and  eleven  of  them  are  for  Ihe  near  infl*ared  spectrum,  730 
to  1080  millimicrons.  ‘ • 

Values  of  spectral  directional  reflectance  or  spectral  transmittance 
were  read  at  10  millimicron  intervals  from  UOC  to  I080  millimicrons  for 
each  of  the  72  determinations  made  on  the  36  specimens.  These  72  sets  of 
spectrophotometric  data  are  listed  in  Appendices  B and  D.  Forty  of  these 
72  sets  of  spectrophotometric  data  for  the  controlled  wheat,  rye,  and  spore 
specimens  grown  at  Beltsville,  Maryland,  are  illustrated  in  Figures  1,  2, 

U,  9,  10,  and  l5.  The  remaining  32  sets  of  spectrophotometric  data  for  the 
field  grown  wheat  specimens  from  Stillwater,  Oklahoma,  are  illustrated  in 
Figures  I8,  19,  20,  21,  22,  23,  2U,  and  2?. 
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VI*  Colorimetric  Con^tations 


The  spectral-directional-reflectance  or  spectral- transmittance  data  of 
each  of  the  36  specimens  listed  in  Appendices  B and  D for  the  visible  spectrum 
(ijOO  to  ?50  millimicrons)  were  converted  into  terms  of  luminous  reflectance  or 
luminous  transmittance,  Y,  and  chromaticity  coordinates,  x and  y,  of  the  C.I*E* 
colorimetric  system  by  integration  according  to  the  C*I.E.  standard  observer 
m for  C.I.E*  source  C,  representative  of  average  daylight*  In  addition  to 
the  chroma  tic  ity  coordinates,  x and  y,  the  dominant  wavelength,  A » and  ex- 
citation purity,  p,  of  each  of  the  36  specimens  have  been  derived* 

Dominant  wavelength  and  excitation  purity  are  alternative  specifications, 
more  or  less  suggestive  of  the  appearance  of  the  color  and  help  to  form  a 
chromaticity  specification  sometimes  more  easily  understood  than  the  chroma- 
ticity  coordinates,  x and  y.  Dominant  wavelength  is  defined  as  the  wavelength 
corresponding  to  the  intersection  with  the  spectrum  locus  in  the  C.I.E.  dia- 
gram of  a straight  line  drawn  through  the  neutral  point  (Source  C),  and  the 
sample  point.  Excitation  purity  is  defined  as  the  ratio  of  the  distance,  in 
the  C.I.E.  diagram,  between  the  neu-tral  point  and  the  sanple  point  to  the 
distance  between  the  neutral  point  and  the  point  on  the  spectrum  locus  repre- 
senting the  dominant  wavelength  of  the  specimen.  Dominant  wavelength  thus 
indicates  what  part  of  the  spectrum  has  to  be  mixed  with  the  neutral  standard 
to  produce  the  unknown  color,  and  the  excitation  purity  indicates  the  degree 
of  approach  of  the  unknown  color  to  the  spectrum  color  so  defined.  The  domi- 
nant wavelength  and  excitation  purity  of  the  specimens  of  this  report  were 
determined  from  chrcmaticity  data  by  means  of  graphs  showing  the  conversion 
of  C.I.E.  chromaticity  data  into  these  terms  [^8J  . 

The  chromaticity  coordinates,  daylight  reflectance  or  daylight  trans- 
mittance, dominant  wavelength,  and  excitation  purity  are  listed  in  Tables  II 
and  VI  and  in  illustrations  of  segments  of  the  C.I.E.  chromaticity  diagram 
at  the  end  of  each  of  the  two  type  classifications  of  this  report;  namely 
specimens  grown  in  pots  under  controlled  conditions  (Figures  5,  6,  U,  12, 
and  l6)  at  Beltsville,  Maryland,  and  field-grown  specimens  (Figures  26,  27, 
and  28)  from  Stillwater,  Oklahoma. 

VII.  Munsell  Renotations  and  ISCC-NBS  Color  Designations 


From  the  above-mentioned  determinations  of  C.I.E.  chromaticity  coordinates 
and  daylight  reflectances  or  daylight  transmittances  of  the  36  specimens 
studied  in  this  report,  the  Mins  ell  renotations  (H  V/C)  were  obtained  from 
graphs  of  conversion  from  the  C.I.E.  system  to  the  Munsell  re  notation  sys- 
tem  [[9]  • These  Munsell  renotations  were  then  converted  into  terms  of  the 
ISCC^BS  (Inter-Society  Color  Council  - National  Bureau  of  Standards)  color 
designations  D-ol.  Similarly,  these  renotations  and  color  designations  are 
listed  in  Tables  III  and  VII  and  illustrated  (Figures  7,  8,  13,  lU,  17,  29, 

30,  and  31)  in  graphs  under  the  respective  type  classifications. 
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VIII > Color  Difference  Computations 

From  the  Mansell  renotations  of  the  36  specimois,  color  differences  in 
terms  of  the  MBS  unit  of  color  difference  (^)  were  computed  by  means  of  the 
Godlove  formula  [^11^  , as  follows; 

A%s  “ 5 + (ac)2  + 

where  f^(H)  = 1 - cos  3«6/^H,  and  AH,  AV,  and  AC  refer  to 
differences  in  Munsell  hue,  value,  and  chroma,  respectively. 

These  color  differences  were  confuted  between  diseased  and  non-diseased 
parts  of  the  similar  plants,  between  plants  having  excessive  and  low  water 
content,  and  between  the  specimens  of  spores.  These  results  are  listed  in 
Tables  IV  and  VIII  under  the  respective  type  classifications. 

IX.  Specimens  Grown  Ihder  Controlled  Conditions  at 
Belts ville,  Maryland 

All  of  the  20  specimens  grown  under  controlled  conditions  at  the  USDA 
Plant  Industry  Station,  Beltsville,  Maryland,  are  considered  in  this  part 
of  this  report.  Seventeen  of  Ihem,  wheat  plants  growing  in  pots,  were 
brought  to  the  NBS  for  measurement  by  Dr.  H.  A.  Rodenhiser.  The  three  rye 
specimens,  two  potted  and  one  unpotted,  were  brought  to  the  NBS  for  measiare- 
ment  by  Dr.  R.  N.  Colwell.  Ihe  specimen  designations  given  by  Dr.  Rodenhiser 
or  by  Dr.  Colwell,  together  with  the  specimen  numbers  arbitrarily  assigned 
and  used  throughout  this  section  of  this  report,  are  listed  in  Table  I 
(page  U2). 

Figures  1,  2,  3,  U,  9,  10,  and  15  show  spectral  directional  reflectance 
curves  or  spectral  transmittance  curves  of  the  specimens  designated  in  the 
legends  of  the  illustrations.  The  data  used  for  these  illustrations  are  taken 
from  those  shown  in  Appendix  A and  listed  in  Appendix  B. 

The  chromatic ity  coordinates,  dominant  wavelength,  and  excitation  purity 
of  the  specimens  of  these  seven  illustrations  are  shown  in  segments  of  the 
C.I.E.  chroma ticity  diagram,  for  Source  C,  in  Figures  5,  6,  11,  12,  and  l6. 

The  data  used  for  these  illustrations  are  listed  in  Table  II.  Table  II  also 
lists  the  daylight  reflectance  or  daylight  transmittance  of  these  20  specimens. 

The  Mansell  renotations  of  these  same  specimens  are  illustrated  in  the 
schematic  diagrams  of  the  "Ideal  Munsell  System"  in  Figures  7,  8,  13,  II4.,  and 
17*  The  data  used  for  these  illustrations  are  listed  in  Table  III  together 
with  the  corresponding  ISCC-NBS  color  designations. 

Determinations  were  made  of  color  difference  between  the  related  speci- 
mens indicated  in  Table  IV. 
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Figure  1.  Visible  and  near  infrared  spectral 
directional  reflectance  of  the  leaves  of  five 
specimens  of  young  wheat  plants: 

(1)  Leaves  of  SIWON  92,  sprayed 
and  inoculated 

(2)  Leaves  of  SUWDN  92,  sprayed 

(3)  Leaves  of  LEE,  natural 

(U)  Leaves  of  wheat,  inoculated 
(species  undesignated) 

(9)  Leaves  of  wheat,  inoculated 
(species  undesignated) 
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Figure  2*  Visible  and  near  infrared  spectral 
directional  reflectance  of  the  leaves  of  two 
specimens  of  young  wheat  plants: 

(5)  Leaves  of  L.  C.  Susceptible, 
inoculated  (excessive  water) 

(6)  Leaves  of  L.  C.  1;Sb  Susceptible 
inoculated  (low  water) 
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Figure  3«  Visible  and  near  infrared  spectral 
directional  reflectance  of  the  leaves  of  two 


specimens  of  young  wheat  plants  s 

(7)  Middle  leaves,  127-36-L  Resistant 
(low  water) 

(8)  Top  leaves,  127-17-L  Resistant, 
(excessive  water) 
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Figure  U«  Visible  and  near  infjrared  spectral 
directional  reflectance  of  the  heads  (fruit) 
of  two  specimens  of  mature  wheat  plants: 

(10)  Mature  heads  (fruit).  Resisting 
36  U-16-52;  5-’36-L,  inoculated 

(11)  Mature  heads  (fruit),  LC  10/I9; 
38  U-23-52,  inoculated 
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Figtire  5.  Segment  of  the  C.I.E.  chroma ticity 
diagram  showing  dominant  wavelength,  excitatiai 
purity,  and  chromaticity  coordinates,  for  Source  C 
of  the  leaves  of  five  specimens  of  young  wheat 
plants: 

(1)  Leaves  of  SUWON  92,  sprayed  and 
inoculated 

(2)  Leaves  of  SUWON  92,  sprayed 

(3)  Leaves  of  LEE,  natural 

(k)  Leaves  of  wheat,  inoculated 
(species  undesignated) 

(9)  Leaves  of  wheat,  inoculated 
(species  undesignated) 

and  of  the  heads  (fruit)  of  two  mature  wheat 
plants : 

(10)  Mature  heads  (fruit).  Resisting 
36  U-16-52;  5-36-L,  inoculated 

(11)  Mature  heads  (fruit),  LC  10/19^ 

38  U-23-52,  inoculated 
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Figure  6.  Segment  of  the  C.I.E*  chromticity 
diagram  showing  dominant  wavelength,  excitation 
purity,  and  chromaticity  coordinates,  for  Source  C, 
of  the  leaves  of  four  specimens  of  young  wheat 
plants : 

(5)  Leaves  of  L.  C.  Susceptible, 
inoculated  (eoccessive  water) 

(6)  Leaves  of  L.  C.  l^B  Susceptible, 
inoculated  (low  water) 

(7)  Middle  leaves,  127-3^L,  Resistant, 

(low  water)  ‘ 

Top  leaves,  12 7-17 -L  Resistant, 
(excessive  water) 
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Figure  7*  Schematic  illustraticai  of  the 
vertical  and  horizontal  projections  of  Ihe 
"ideal”  Mansell  system  showing  Ihe  Munsell 
Value  (upper  diagram)  plotted  agadnst  the 
Miinsell  Hue  and  Chroma  points  projected  from 
the  lower  diagram  of  the  leaves  of  fi've 
specimens  of  young  idieat  plants: 

(1)  Leaves  of  SUWON  92,  sprayed  and 
inoculated 

(2)  Leaves  of  SUWON  92,  sprayed 

(3)  Leaves  of  LEE,  natural 

(U)  Leaves  of  wheat,  inoculated 
(species  undesignated) 

(9)  Leaves  of  wheat,  inoculated 
(species  undesignated) 

and  of  the  heads  (fruit)  of  two  mature  wheat 
plants: 

(10)  Mature  heads  (fruit).  Resisting 
36  U-16-525  5-36-L,  inoculated 

(11)  Mature  heads  (fruit),  LC  IO/I95 
38  U- 23-5 2,  inoculated 
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Figure  8.  Schematic  illustration  of  the 
•vertical  and  horizontal  projections  of  -the 
’’ideal”  Mansell  sys'bem  showing  the  Mansell 
Value  (upper  diagram)  plotted  against  'the 
Munsell  Hue  and  Chroma  poin-ts  projected 
from  the  lower  diagram  of  the  leaves  of 
four  specimens  of  young  wheat  plants: 

(5)  Leaves  of  L.  C*  Susceptible, 
inoculated  (excessive  water) 

(6)  Leaves  of  L.  C.  1$B  Susceptible, 
inoculated  (low  ■water) 

(7)  Middle  lea'ves,  127-36-L  Resistant 
(low  water) 

(8)  Top  lea-ves,  127-17-L  Resistant, 
(excessive  water) 
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Figure  Visible  and  near  infrared  spectral 
directional  reflectance  of  three  specimens  of 


(12)  Pure  spore 

(13)  Pure  leaf  rust 
(II4)  Pure  stem  rust 


wheat  rust 
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Figure  10.  Visible  and  near  infrared  spectral 
transmittance  of  three  specimens  of  wheat  rust: 
(1?)  Pure  spore  l5B  5A3/52 

(16)  Pure  leaf  rust 

(17) 


Pure  stem  rust 
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Figure  11#  Segment  of  the  C.I.E.  chranaticity 
diagram  showing  dominant  wavelength,  excitation 
purity,  and  chromaticity  coordinates,  for  Source  C 
of  three  specimens  of  wheat  rust,  obtained  from 
spectral  directional  reflectance  data: 

(12)  Pure  spore 

(13)  Pure  leaf  rust 
(lli)  Pure  stem  rust 
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Figure  12*  Segment  of  the  C.I.E.  chromatic ity 
diagram  showing  dominant  wavelength,  excitation 
purity,  and  chromaticity  coordinates,  for  Source  C, 
of  three  specimens  of  wheat  rust,  obtained  from 
spectral  transmittance  data: 

(15)  Pure  spore  15B  5A3/52 

(16)  Pure  leaf  rust 

(17)  Pure  stem  rust 
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Figure  13  o Schematic  ill  us  Ira  tl  on  of  the 
vertical  and  horizontal  projections  of  the 
” ideal"  Munsell  system  showing  the  Munsell 
Value  (upper  diagram)  plotted  against  the 
Munsell  Hue  and  Chroma  points  projected  from 
the  lower  diagram  of  three  specimens  of  wheat 
rust,  obtained  from  spectral  directional 
reflectance  data? 

(12)  Pure  spore 

(13)  Pure  leaf  rust 
(ik)  Pure  stem  rust 
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Figure  ih*  Schematic  illustratLon  of  the 
vertical  and  horizontal  projections  of  the 
"ideal”  Munsell  system  showing  the  Munsell 
Value  (upper  diagram)  plotted  against  the 
Munsell  Hue  and  Chroma  points  projected  fl*om 
the  lower  diagram  of  three  specimens  of  wheat 
rust,  obtained  from  spectral  transmittance 
data: 

(15)  Pure  spore  1$B  5/13/52 

(16)  Pure  leaf  rust 
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Figure  Ij.  Visible  and  near  infrared  spectral 
directional  reflectance  of  the  leases  of  three 
specimens  of  young  rye  plants: 

(18)  Leaves  of  rye,  diseased 

(19)  Leaves  of  rye,  n on-diseased 

(20)  Leaves  of  rye  (unpotted  plant) 
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Figure  l6.  Segment  of  the  C.IoE*  chroma ticity 
diagram  showing  dominant  wavelength,  excitation 
purity,  and  chroraaticity  coordinates,  for  Source  C, 
of  the  leaves  of  three  specimens  of  young  rye  plants 

(18)  Leaves  of  rye,  diseased 

(19)  Leaves  of  lye,  non-diseased 

(20)  Leaves  of  rye  (unpotted  plant) 
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Figure  17 • Schematic  illus-tration  of  the 
vertical  and  horizontal  projections  of  the 
"ideal”  Munsell  system  showing  the  Mansell 
Value  (upper  diagram)  plotted  against  the 
Mansell  Hae  and  Chroma  points  projected 
from  the  lower  diagram  of  the  leaves  of 
three  specimens  of  young  rye  plants: 

(18)  Leaves  of  rye,  diseased 

(19)  Leaves  of  iye,  non -diseased 

(20)  Leaves  of  rye  (unpotted  plant) 
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Table  I 


List  of  the  specimens  raised  at  the  U.S.D.A.  Plant  Indnstry  Station  at 
BeltsviUe,  Msu:yland,  and  brought  to  the  NBS  by  Dr.  Rodenhiser. 


Object 

No. 


(1) 

(2) 

(3) 

ih) 

(5) 

(6) 

(7) 

(8) 

(9) 


(10) 

(U.) 


(12) 

(13) 

(lU) 


(15) 

(16) 

(17) 


(18) 

(19) 

(20) 


Specimen  Designations 


Diseased  and  Rust  Resisting  Wheat  Leaves 


Leaves  of  SDWDN  92,  Sprayed  and  Inoculated 
Leaves  of  SIMCN  92,  Sprayed 
Leaves  of  LEE,  Natural 

Leaves  of  Wheat,  Inoculated  (species  undesignated) 

Leaves  of  L.  C.  Susceptible,  Inoculated  (excessive  water) 
Leaves  of  L.  C.  l5  B Susceptible,  Inoculated  (low  water) 
Middle  Leaves,  127-36-L  Resistant  (low  water) 

Top  Leaves,  127-17-L  Resistant  (excessive  water) 

Leaves  of  Wheat,  Inoculated  (species  undesignated) 

Inoculated  Heads  of  Susceptible  and  Resisting  Wheat 

Mature  Heads  (fruit).  Resisting  36  U-16-52;  5-36-L,  Inocul 
Mature  Heads  (fruit),  LC  10/195  38  U-23-52,  Inoculated 

Wheat  Spore  (reflectance) 

Pure  Spore  (reflectance) 

Pure  Leaf  Rust  (reflectance) 

Pure  Stem  Rust  (reflectance) 

Wheat  Spore  (transmittance) 

Pure  Spore  15B  5/13/52  (transmittance) 

Pure  Leaf  Rust  (transmittance) 

Pure  Stem  Rust  (transmittance) 

Diseased  and  Rust  Resisting  Rye 

Leaves  of  Rye,  Diseased 
Leaves  of  Rye,  Non-diseased 
Leaves  of  Ifye  (unpotted  plant) 
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Table  II 


Speciioens  from  Beltsville^  Maryland 


Chroma ticity  Coordinates,  Daylight  Reflectances,  Dominant  Wavelength  and 
Excitation  Purity  for  C.I.E.  Source  C of  the  Specimens  Studied. 


Specimen 

Number 

Chroma ticity 
Coordinates 
X y 

Daylight 

Reflectance 

K?) 

Dominant 

Wavelength 

(iHx) 

Excitation 

Purity 

(%) 

(1) 

0.353 

0.362 

18.3 

576.7 

23.6 

(2) 

.322 

.358 

17.2 

562.6 

11;.!; 

(3) 

.326 

.365 

19.2 

561;.  0 

17.U 

(1») 

.lOl 

.38U 

8.8 

583.1; 

1;5.1 

(5) 

.351; 

.371; 

8.1; 

57U.O 

27.2 

(6) 

.397 

.1;09 

10.3 

576.5 

1;8.0 

(7) 

.3l;0 

.1;06 

12.2 

56U.1 

32.0 

(8) 

.316 

.363 

7.9 

557.0 

Ih.l 

(9) 

.368 

.372 

21.9 

578.1 

30.1; 

(10) 

.355 

.356 

hh»6 

579.2 

22.8 

(11) 

.358 

.353 

36.5 

581.  U 

22.6 

(12) 

,h62 

.388 

6.6 

588.0 

60.0 

(13) 

.391 

.3I18 

lU.l; 

590.1; 

30.0 

(lU) 

.373 

.3U7 

15.9 

587.6 

25.0 

(15) 

.338 

.315 

0.3» 

625. 

6.9 

(16) 

.U99 

.1|20 

5.> 

586.0 

7S.3 

(17) 

.10-2 

.361 

0.8«- 

589.0 

39.1; 

(18) 

.31;8 

.376 

23.1 

571.5 

26.1 

(19) 

.320 

.359 

19.2 

561.0 

ll;.l 

(20) 

.322 

.366 

16.2 

561.2 

16.7 

'^Daylight  transmittance,  Y(^) 
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Table  III 


Specimens  from  BeltsYille^  Maryland 

Munsell  Renotations  and  ISCC-NBS  Color  Designations  of  the  Specimens  Studied* 


Specimen 

Number 

Munsell 

Renotation 

(1) 

U.2T 

1a.  8/2.0 

(2) 

6.6GY 

U. 7/2.0 

(3) 

6.1GY 

U.9/2.2 

(U) 

9.3TR 

3.U/3.1i 

(5) 

8.5y 

3.I1A.9 

(6) 

5.  or 

3. 7/3. 5 

(7) 

5.8GY 

lt.o/3.U 

(6) 

8.2C5Y 

3.3/2.I 

(9) 

2.7Y 

5. 2/2. 9 

(10) 

0.6Y 

7.1/2. 7 

(u) 

9.1YR 

6. 5/2. 7 

(12) 

6.3YR 

3.O/U.9 

(13) 

2.8YE 

b.3/3.1t 

(lU) 

lt.5lR 

1.5/2. 7 

(15) 

N 

0.2/ 

(16) 

8.1*YE 

2. 7/5.9 

(17) 

N 

0.7/ 

(18) 

0.5GY 

5.U/2.5 

(19) 

7.2GY 

U. 9/2.1 

(20) 

6.9GY 

li.6/2.3 

ISCC-NBS  Color  Designation 

Light  grayish  olive 
Grayish  yellow  green 
Grayish  yellow  green 
Dark  yellowish  brown 
Grayish  olive 

Moderate  olive 

Moderate  olive  green 

Dark  grayish  green 

Light  olive  brown 

Light  grayish  yellowish  brown 

Light  grayish  yellowish  brown 
Moderate  brown 
Moderate  reddish  brown 
Light  grayish  reddish  brown 
Black 

Deep  yellowish  brown 
Black 

Light  grayish  olive 
Grayish  yellow  green 
Grayish  yellow  green 
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Table  IV 

Specimens  from  Beltsville^  Maryland 

Color  Differences  Computed  from  the  Godlove  Color-Difference  Formla 
Between  the  Specimens  Indicated. 


Color  Difference 
Between  Specimens 

Number  Color  Difference 


Reference 

Comparison 

(1) 

(2) 

7.9 

(3) 

(1) 

8.0 

(3) 

(2) 

u.i 

(3) 

(U) 

33.6 

(3) 

(9) 

12. U 

(7) 

(5) 

15.3 

(7) 

(6) 

13.0 

(7) 

(8) 

15.6 

(10) 

(11) 

12.1 

(12) 

(13) 

27.1* 

(12) 

(11*) 

32.0 

(IS) 

(16) 

58.1 

(15) 

(17) 

10.0 

(19) 

(18) 

11.3 

(19) 

(20) 

6.1 
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Appendix  A 

Ozalid  copies  of  the  original  recordings  of 
spectral  directiaial  reflectance  cr  of  spectral 
transmittance  of  the  20  specimens  of  wheat  or 
rye  plants  grown  under  controlled  conditions  at 
Beltsville,  Md.,  and  of  spore  made  on  a General 
Electric  recording  spectrophotometer. 
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G£  Graph  Sheet  Serial 
Number 


Specimen 

Visible 

Near  Infrared 

Curve 

Date 

Number 

Spectrum 

Spectrum 

Number 

Measured 

(1) 

GE  II-  96U 

Cffi  II-  965 

1 

5-  7-52 

(2) 

- 96U 

- 965 

2 

5-  7-52 

(3) 

- 96U 

- 965 

3 

5-  7-52 

0») 

- 969 

- 970 

h,5;  and  U 

5-15-52 

(5) 

- 972 

- 971 

1 

5-16-52 

(6) 

- 972 

- 971 

2 

5-16-52 

(7) 

- 972 

- 971 

3 

5-16-52 

(8) 

- 972 

- 971 

u 

5-16-52 

(9) 

- 986 

- 987 

1 

6-  3-52 

(10) 

- 986 

- 987 

6 

6-  3-52 

(11) 

- 986 

- 987 

7 

6-  3-52 

(12) 

- 969 

- 970 

6;  and  $ 

5-15-52 

(13) 

- 986 

- 987 

3 

6-  3-52 

(lU) 

- 986 

- 987 

5 

6-  3-52 

(15) 

- 973 

- 97U 

1 

5-26-52 

(16) 

- 986 

- 987 

2 

6-  3-52 

(17) 

- 987 

- 987 

h 

6-  3-52 

(18) 

-1376 

-1377 

1 

1-19-5U 

(19) 

-1376 

-1377 

2 

1-19-5U 

(20) 

-1376 

-1377 

3 

l-l9-51i 
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Appendix  B 


Tables  of  spectral  data  on  the  20  specimens 
read  from  the  spec tr (photometric  curves  of 
Appendix  A. 
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Diseased  and  Rust  Resisting  Wheat 
(From  Beltsville^  Maryland) 


Spectral  Directional  Reflectance  of  the  Lea'^^es  of  the  Indicated  Wheat  Specimens 
for  the  Visible  and  Near  Infrared  Spectrum,  UOO  to  1080  Millimicrons.  (See 
Appendix  A;  GE  Graph  Sheets  Serial  No.  GE  II-96U  and  965) 

(1)  Leaves  of  SIMDN  92  (2)  Leaves  of  SUWON  92  (3)  Leaves  of 


Sprayed 

and  Inoculated 

Sprayed 

Natural 

Wave 

Length 

up. 

Rx 

Wave 
Length 
up  _ 

Rx 

Wave 

Length 

up 

Rx 

Wave 

Length 

up 

Wave 

Length 

np 

Wave 

Length 

up 

Rx 

Uoo 

0.118 

750 

0.516 

1*00 

0.126 

750 

0.590 

1*00 

0.131* 

750 

0.591* 

10 

.120 

60 

.539 

10 

.128 

60 

.622 

10 

.136 

60 

.622 

20 

.122 

70 

.551 

20 

.130 

70 

.636 

20 

.136 

70 

.636 

30 

.122 

80 

.560 

30 

.130 

80 

.61*1* 

30 

.136 

80 

.61*2 

Uo 

.120 

90 

.568 

Uo 

.129 

90 

.6U6 

Uo 

.136 

90 

.61*1* 

U50 

.120 

800 

.576 

1*50 

0130 

800 

.6U8 

1*50 

.136 

800 

• 6UU 

60 

.120 

10 

.581* 

60 

.130 

10 

.6U8 

60 

.136 

10 

.61*6 

70 

.120 

20 

.590 

70 

0129 

20 

.6U8 

70 

.136 

20 

.61*6 

80 

.120 

30 

.596 

80 

.128 

30 

.6U8 

80 

.136 

30 

.6U6 

90 

.121* 

Uo 

.602 

90 

.128 

Uo 

.61*7 

90 

.136 

Uo 

.6U6 

500 

.126 

850 

.608 

500 

.130 

850 

.6U6 

500 

.11*0 

850 

.6U6 

10 

.131 

60 

•6lU 

10 

0I39 

60 

• 6U6 

10 

.152 

60 

.6U6 

20 

.11*6 

70 

.620 

20 

.159 

70 

.6U6 

20 

.176 

70 

.61*7 

30 

.172 

80 

.621* 

30 

.186 

80 

•6U6 

30 

.207 

80 

.6U8 

Uo 

.192 

90 

.629 

Uo 

.202 

90 

.61*5 

Uo 

.225 

90 

.6U8 

550 

.201* 

900 

.633 

550 

.206 

900 

•6UU 

550 

.230 

900 

.650 

60 

.208 

10 

.636 

60 

.201* 

10 

.6UU 

60 

.229 

10 

.650 

70 

.205 

20 

.6^9 

JO 

.190 
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Diseased  and  Rust  Resisting  Vflieat 
(From  Beltsville,  Maryland) 

Spectral  Directional  Reflectance  of  the  Lea'ves  of  the  Indicated  Wheat  Specimens 
for  the  Visible  and  Near  Infrared  Spectrum,  UOO  to  1080  Millimicrons.  (See 
Appendix  A|  GE  Graph  Sheets  Serial  No.  GE  11-969,  970,  971,  and  972.) 

(U)  Leaves  of  Wheat  (5)  Leaves  of  L.C.  (6)  Leaves  of  L.C.  15B 


Inoculated  Susceptible,  Inoculated  Susceptible,  Inoculated 

(species  undesignated)  (excessive  water)  (low  water) 


Wave 

Length 

nu 

Rx 

Wave 

Length 

HU 

Rx 

Wave 
Length 
mp.  . 

«x 

Wave 

Length 

np. 

Rx 

Wave 

Length 

up 

Rx 

Wave 

Length 

up 

Rx 

Uoo 

0.032 

750 

0.391 

1*00 

0.01*3 

750 

0.1*71 

1*00 

0.032 

750 

o.l*a 

10 

.035 

60 

.1*18 

10 

.01*7 

60 

.501* 

10 

.035 

60 

.1*36 

20 

.037 

70 

.1*37 

20 

.050 

70 

.521* 

20 

.038 

70 

.U50 

30 

.036 

80 

.1*53 

30 

.051 

80 

.531* 

30 

.01*0 

80 

• U6U 

ko 

.039 

90 

.1*69 

Uo 

.051 

90 

,51*1* 

Uo 

.01*0 

90 

.1*76 

U50 

.039 

800 

.1*83 

U50 

.052 

800 

.550 

1*50 

.01*0 

800 

.U88 

60 

.01*0 

10 

.1*98 

60 

.052 

10 

.556 

60 

.Ola 

10 

.500 

70 

.oUo 

20 

.512 

70 

.051 

20 

.563 

70 

.Ola 

20 

.510 

80 

.01*0 

30 

.521* 

80 

.051 

30 

.568 

80 

.01*2 

30 

.520 

90 

.oUi 

Uo 

.539 

90 

.052 

Uo 

.572 

90 

.01*1* 

Uo 

.531 

500 

.01*3 

850 

.552 

500 

.051* 

850 

,576 

500 

.01*7 

850 

.51a 

10 

•0li6 

60 

.561* 

10 

.056 

60 

.581 

10 

.051* 

60 

.550 

20 

.051* 

70 

.576 

20 

.066 

70 

.586 

20 

.070 

70 

.559 

30 

.068 

80 

.587 

30 

.081 

80 

.589 

30 

.091* 

80 

.568 

ho 

.082 

90 

.597 

Uo 

.091* 

90 

.592 

Uo 

.110 

90 

.575 

550 

.091 

900 

0606 

550 

.100 

900 

.596 

550 

.120 

900 

.582 

60 

.096 

10 

.615 

60 

.100 

10 

.600 

60 

.121* 

10 

.590 

70 

.100 

20 

.62U 

70 

.091* 

20 

.600 

70 

.121 

20 

.596 

80 

.102 

30 

.632 

80 

.089 

30 

.601 

80 

.118 

30 

.600 

90 

.106 

Uo 

.638 

90 

,086 

Uo 

.600 

90 

.116 

Uo 

.603 

600 

.112 

950 

.6UU 

600 

.086 

950 

.599 

600 

.118 

950 

.603 

10 

.117 

60 

.61*8 

10 

,085 

60 

.592 

10 

.118 

60 

.600 

20 

.122 

70 

.651 

20 

.081* 

70 

.589 

20 

.118 

70 

.600 

30 

.128 

80 

.656 

30 

.081* 

80 

.588 

30 

.120 

80 

.600 

iiO 

.133 

90 

.660 

Uo 

.081* 

90 

.591 

Uo 

.119 

90 

.605 

650 

.137 

ODOO 

.661* 

650 

.082 

1000 

.591* 

650 

.111* 

1000 

.610 

60 

.11*2 

10 

.669 

60 

.082 

10 

,600 

60 

.112 

10 

.618 

70 

.1U6 

20 

.675 

70 

.081 

20 

.605 

70 

.109 

20 

.625 

80 

.153 

30 

.679 

80 

.082 

30 

.610 

80 

.110 

30 

.632 

90 

.167 

Uo 

.683 

90 

• 088 

Uo 

.611* 

90 

.131* 

Uo 

.635 

700 

.198 

3050 

.686 

700 

.119  1050 
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700 

.192 

]o5o 

.61a 
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.237 
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.691 
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.172 
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.620 

10 

.252 
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.279 
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.693 
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.311 
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.325 
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.359 
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.360 
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.ia9 
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Diseased  and  Rust  Resisting  Wheat 
(From  Beltsville^  Maryland) 

Spectral  Directional  Reflectance  of  the  Leaves  of  the  Indicated  Wheat  Specimens 
for  the  Visible  and  Near  Infrared  Spectrum,  kOO  to  1080  Millimicrons.  (See 
Appendix  GE  Graph  Sheets  Serial  No.  GE  II“97l5  972,  986,  and  987*) 


(7)  Middle  Leaves,  127-36-L  (8)  Top  Leaves,  127-17-L  (9)  Leaves  of  Wheat 

Resistant  Resistoit  Inoculated 

(low  water) (excessive  water)  (species  undesignated) 


Wave 

Length  R^ 
np. 

Wave 

Length 

nu 

Rx 

Wave 

Length 

1T1|J. 

Wave 

Length 

inp- 

Wave 
Length 
_irp.  _ 

Bx 

Wave 

Length 

nu 

Rx 

ItOO 

'0.0U8 

750 

0.521* 

1*00 

0.01*1* 

750  0.532 

1*00  ' 

0.108 

750 

0.1*92 

10 

.051* 

60 

.51*1* 

10 

.050 

60 

.568 

10 

.112 

60 

.502 

20 

.060 

70 

.552 

20 

.056 

70 

.586 

20 

.117 

70 

.511 

3b 

.062 

80 

.558 

30 

.058 

80 

.596 

30 

.122 

80 

.520 

ko 

•06it 

90 

.562 

Uo 

.060 

90 

.602 

Uo 

.126 

90 

.528 

U5o 

• 06U 

800 

.565 

1*50 

.060 

800 

.606 

1*50 

.128 

800 

.535 

60 

.065 

10 

.568 

60 

.060 

10 

.609 

60 

.132 

10 

.51*1* 

70 

.065 

20 

.570 

70 

.060 

20 

.612 

70 

.131* 

20 

.550 

80 

.065 

30 

.572 

80 

.060 

30 

.611* 

80 

.136 

30 

.556 

90 

• O66 

uo 

.571* 

90 

.060 

Uo 

.615 

90 

.138 

Uo 

.561 

500 

.070 

85o 

.575 

500 

.060 

85o 

.616 

500 

.11*2 

850 

.567 

10 

.081* 

60 

.576 

10 

.06U 

60 

.618 

10 

.150 

60 

.572 

20 

.112 

70 

.578 

20 

.071* 

70 

.620 

20 

.168 

70 

.576 

30 

.11*1 

80 

.580 

30 

.090 

80 

.621 

30 

.191* 

80 

.581 

ko 

.155 

90 

.580 

Uo 

.098 

90 

.622 

Uo 

.218 

90 

.581* 

550 

.160 

900 

.581 

550 

.100 

900 

.623 

550 

.235 

900 

.588 

60 

.158 

10 

.582 

60 

.096 

10 

.621* 

60 

.21*6 

10 

.591 

70 

.11*2 

20 

.582 

70 

.086 

20 

.62U 

70 

.250 

20 

.591* 

80 

.121* 

30 

.582 

80 

.076 

30 

.62U 

80 

.21*8 

30 

.596 

90 

.112 

Uo 

.582 

90 

.071 

UO 

.621 

90 

.21*8 

Uo 

.598 

600 

.106 

950 

.579 

600 

.068 

950 

.616 
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.250 

950 

.599 

10 

.100 

60 

.571* 

10 

• 06U 

60 

.611 

10 

.250 

60 

.598 

20 

.091 

70 

.570 

20 

.061 

70 

.606 

20 

.21*8 

70 

.598 

30 

.086 

80 

.570 

30 

.059 

80 

.60U 

30 

.250 

80 

.599 

ho 

.080 

90 

.573 

Uo 

.056 

90 

.606 

Uo 

.21*9 

90 

.600 
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.070 
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.576 
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.051* 

1000 
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.623 
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.630 
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60 
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70 
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•U3U 

80 
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• 30 

.366 

80 
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30 
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80 
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ho 
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Uo 

.1*65 

Uo 
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Diseased  and  Rust  Resisting  Wheat 
(From  Belts ville,  Maryland) 

Spectral  Directional  Reflectance  of  the  Heads  of  the  Indicated  Wheat  Specimens 
for  the  Visible  and  Near  Infrared  Spectrum,  UOO  to  1080  Milliinicrons.  (See 
Appendix  A;  GE  Gb:*aph  Sheets  Serial  No.  GE  II-986  and  987*) 


(10)  Mature  Heads  (Fruit)  (11)  Mature  Heads  (Fruit) 

Resisting  36  U-16-52;  5-36-L  LC  10A9|  38  U-23-52 

Inoculated  Inoculated 


Wave 

Length 

mp. 

% 

Wave 

Length 

up. 

Wave 

Length  R^ 
mp. 

Wave 

Length 

up. 

Uoo  0.168 

750 

0.658 

1*00 

0.11*9 

750 

0.598 

10 

.191 

60 

.667 

10 

.166 

60 

.608 

20 

.221* 

70 

.67U 

20 

.186 

70 

.616 

30 

.255 

80 

.678 

30 

.206 

80 

.623 

Uo 

.282 

90 

.682 

Uo 

.222 

90 

.630 

1*50 

.305 

800 

.687 

1*50 

.236 

800 

.636 

60 

.321* 

10 

.691 

60 

.250 

10 

.61*2 

70 

.31*0 

20 

.691* 

70 

.261 

20 

.61*8 

80 

.351* 

30 

.697 

80 

.272 

30 

.652 

90 

.365 

Uo 

.700 

90 

.281* 

Uo 

.657 

500 

.376 

850 

.702 

500 

.291* 

85o 

.662 

10 

.386 

60 

.701* 

10 

.305 

60 

.666 

20 

.398 

70 

.706 

20 

.316 

70 

.670 

30 

.1*08 

80 

.708 

30 

.328 

80 

.672 

ho 

.1*20 

90 

.708 

Uo 

.31*0 

90 

.671* 

550 

.1*31* 

900 

.709 

550 

.352 

900 

.676 

60 

.1*1*9 

10 

.707 

60 

.366 

10 

.676 

70 

.U63 

20 

.706 

70 

.380 

20 

.678 

80 

.1*72 

30 

.706 

80 

.391* 

30 

.680 

90 

,1*90 

Uo 

.708 

90 

.1*08 

Uo 

.682 

600 

.505 

950 

.708 

600 

.U2O 

950 

.681* 

10 

.518 

60 

.706 

10 

.1*31* 

60 

.683 

20 

.530 

70 

.702 

20 

•UU8 

70 

.681 

30 

.51*1 

80 

.699 

30 

.U60 

80 

.678 

Uo 

.550 

90 

.69U 

Uo 

. U71 

90 

.676 

650 

.560 

1000 

.692 

650 

• U8U 

1000 

.671* 

60 

.570 

10 

.692 

60 

.1*91* 

10 

.676 

70 

.580 

20 

.691* 

70 

.507 

20 

.676 

80 

.590 

30 

.691* 

80 

.520 

30 

.680 

90 

• 6oU 

Uo 

.696 

90 

.533 

UO 

.680 

700 

.616 

1050 

.698 

700 

.51*6 

1050 

.682 

10 

.628 

60 

.698 

10 

.558 

60 

.68U 

20 

.636 

70 

.703 

20 

.570 

70 

.686 

30 

.61*3 

80 

.701* 

30 

.580 

80 

.688 

Uo 

.652 

Uo 

.590 

^ Wheat  Rust  Spore 

(J^om  BeltsidUe,  Maryland) 

Spectral  Directional  Reflectance  of  Specimens  of  the  Indicated  Wheat  Rust  ^ore 
for  the  Visible  and  Near  Infrared  Spectrum,  UOO  to  1080  Millimicrons.  (See 
Appendix  A;  GE  Graph  Sheets  Serial  No.  GE  11-969,  970,  986,  and  987*) 

(12)  ?wre  Spore (13)  Pure  Leaf  East  (lU)  Pure  Stem  Rust 


Wave  Wa*ve  Wave  Wave  Wave  Wave 

Length  R^^  Length  R^  Length  R^  Length  R)^  Length  R^  Length  R^ 


iru 

nU 

n*jL 

n*x 

HU 

HU 

Uoo 

0.023 

750 

0.281* 

1*00 

0.091* 

750 

0.377 

1*00 

0.108 

750 

0.366 

10 

.023 

60 

.302 

10 

.093 

60 

.392 

10 

.109 

60 

.379 

20 

.022 

70 

.319 

20 

.092 

70 

.1*01* 

20 

.109 

70 

.390 

30 

.022 

80 

.331* 

30 

.092 

80 

.ia8 

30 

.109 

80 

.1*03 

Uo 

.021 

90 

.350 

1*0 

.092 

90 

.1*30 

1*0 

.108 

90 

.ia5 

1*50 

.021 

800 

.367 

1*50 

.091 

800 

.1*1*1* 

1*50 

.108 

800 

.1*26 

60 

.021 

10 

.383 

60 

.090 

10 

.1*58 

60 

.108 

10 

.1*1*0 

70 

.021 

20 

.1*01 

70 

.090 

20 

.1*71* 

70 

.107 

20 

.1*51 

80 

.021 

30 

.1*17 

80 

.090 

30 

.1*86 

80 

.108 

30 

.1*61* 

90 

.022 

1*0 

.1*33 

90 

.090 

1*0 

.500 

90 

.110 

1*0 

.1*76 

500 

.023 

850 

.1*1*9 

500 

.090 

85o 

.515 

500 

.111 

850 

.1*90 

10 

.023 

60 

.1*65 

10 

.090 

60 

.531 

10 

.112 

60 

.501 

20 

.029 

70 

.1*80 

20 

.091 

70 

.51*1* 

20 

.U8 

70 

.511* 

30 

.01*2 

80 

.1*95 

30 

.099 

80 

.558 

30 

.132 

80 

.52U 

1*0 

.053 

90 

.508 

1*0 

.118 

90 

.570 

1*0 

.11*5 

90 

.535 

550 

.061 

900 

.522 

550 

.136 

900 

.581* 

550 

.155 

900 

.5U5 

60 

.068 

10 

.536 

60 

.11*9 

10 

.598 

60 

.161 

10 

.556 

70 

.075 

20 

.51*8 

70 

.159 

20 

.611 

70 

.169 

20 

.566 

80 

.081 

30 

.561 

80 

.168 

30 

.623 

80 

.176 

30 

.576 

90 

.089 

1*0 

.572 

90 

.178 

1*0 

.631* 

90 

.181* 

1*0 

.586 

6oo 

.097 

950 

.581* 

600 

.188 

950 

.61*5 

600 

.191* 

950 

.591* 

10 

.105 

60 

.591* 

10 

.198 

60 

.651* 

10 

.201 

60 

.602 

20 

.116 

70 

.60l* 

20 

.209 

70 

.665 

20 

.212 

70 

.610 

30 

.126 

80 

.611* 

30 

.221 

80 

.675 

30 

.221 

80 

.619 

1*0 

.135 

90 

.621* 

1*0 

.232 

90 

.685 

1*0 

.232 

90 

0626 

650 

.11*6 

1000 

.628 

650 

.21*1* 

1000 

.692 

65o 

.21*1* 

1000 

.630 

60 

.157 

10 

.636 

60 

.256 

10 

.702 

60 

.255 

10 

.636 

70 

.169 

20 

.61*6 

70 

.270 

20 

.710 

70 

.266 

20 

.61*1 

80 

.182 

30 

.651 

80 

.281* 

30 

.716 

80 

.278 

30 

.6U5 

90 

.191* 

1*0 

.657 

90 

.295 

1*0 

.721 

90 

.290 

1*0 

.650 

700 

.207 

1050 

.658 

700 

.309 

1050 

.727 

700 

.301* 

1050 

.65U 

10 

.222 

60 

.663 

10 

.323 

60 

.731 

10 

.316 

60 

.656 

20 

.238 

70 

.661* 

20 

.336 

70 

.735 

20 

.330 

70 

• 660 

30 

.253 

80 

.668 

30 

.352 

80 

.7l*X 

30 

.31*2 

80 

.661* 

1*0 

.269 

1*0 

.361* 

1*0 

.355 
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I lafheat  Rust  Spore 

(From  BeltsviHe,  Maryland) 

^ectral  Transmittance  of  Specimens  of  the  Indicated  Wheat  Rust  Spore  for 
the  Visible  and  Near  Infrared  Spectrum^  UOO  to  1080  Millimicrons.  (See 
Appendix  A|  Gffi  Graph  Sheets  Serial  No.  GE  II  » 973s  91hy  986,  and  987.) 


(l5)  Pure 

Spore 

i5b 

5A3/52 

Wave 

Wave 

Length 

Tx 

Length 

iru 

mp, 

ItOO 

0.003 

750 

O.Oll* 

10 

.003 

60 

.015 

20 

.003 

70 

.016 

30 

.003 

80 

.018 

ho 

.003 

90 

.020 

1*50 

.003 

800 

.021 

60 

.003 

10 

.023 

70 

.003 

20 

.025 

80 

.002 

30 

.027 

90 

.002 

Uo 

.029 

500 

.002 

850 

.031 

10 

.002 

60 

.033 

20 

.002 

70 

.035 

30 

.002 

80 

.037 

Uo 

.002 

90 

.039 

550 

.003 

900 

.Ola 

60 

.003 

10 

.01*2 

70 

.003 

20 

oOliU 

80 

.003 

30 

.01*6 

90 

.003 

iiO 

.01*7 

600 

.003 

950 

.01*9 

10 

.003 

60 

.050 

20 

.003 

70 

.052 

30 

.001* 

80 

.053 

ho 

.001* 

90 

.051* 

650 

O 

O 

1000 

.055 

60 

.005 

10 

.055 

70 

.006 

20 

.057 

80 

.006 

30 

.058 

90 

.007 

liO 

,058 

700 

.008 

io5o 

.059 

10 

.009 

60 

.060 

20 

.010 

70 

.062 

30 

.011 

80 

.061; 

ho 

.012 

(16)  Pure  Leaf  Rust 


Wave  Wave 


Length 

Tx 

Length 

1*00  c 

1.012 

750 

0.131* 

10 

.011 

60 

.lUU 

20 

.010 

70 

.1U6 

30 

.009 

80 

,11*8 

Uo 

,008 

90 

.150 

1*50 

.008 

800 

.151 

60 

.008 

10 

.153 

70 

.008 

20 

.155 

80 

.008 

30 

.156 

90 

.008 

Uo 

.158 

500 

.008 

85o 

.160 

10 

.008 

60 

.161 

20 

.010 

70 

.162 

30 

.020 

80 

.I6U 

Uo 

o039 

90 

,161* 

550 

.056 

900 

.166 

60 

o06U 

10 

.166 

70 

.070 

20 

.167 

80 

,071* 

30 

.168 

90 

.078 

Uo 

.168 

600 

.082 

950 

.169 

10 

.086 

60 

.170 

20 

o090 

70 

.170 

30 

.091* 

80 

0I7O 

Uo 

.096 

90 

.170 

650 

.100 

1000 

.170 

60 

,101* 

10 

.171 

70 

.106 

20 

.171 

80 

.110 

30 

.171 

90 

.112 

Uo 

.172 

700 

.U6 

1050 

.170 

10 

.119 

60 

.170 

20 

.121 

70 

.170 

30 

0I3O 

80 

.171 

UO 

0I32 

(17)  Pure  Stem  Rust 
Wave  Wave 


Length 

\ 

Length 

itu 

Tx 

Uoo 

0.005 

750  0.032 

10 

.005 

60 

.031* 

20 

.005 

70 

.036 

30 

,005 

80 

.038 

Uo 

.001* 

90 

.01*0 

U50 

.001* 

800 

.Ola 

60 

.001* 

10 

.01*1* 

70 

,001* 

20 

.01*6 

80 

.001* 

30 

.01*8 

90 

0 

0 

• 

Uo 

.050 

500 

.005 

850 

.051 

10 

.005 

60 

.053 

20 

.005 

70 

.055 

30 

.006 

80 

.056 

Uo 

.007 

90 

,058 

550 

.008 

900 

.060 

60 

.009 

10 

.061 

70 

.009 

20 

.062 

80 

.010 

30 

.061* 

90 

.011 

Uo 

.065 

600 

.011 

950 

.066 

10 

.012 

60 

.066 

20 

.013 

70 

.068 

30 

oOlU 

80 

.068 

Uo 

.015 

90 

.069 

650 

.016 

1000 

,070 

60 

.018 

10 

.070 

70 

.019 

20 

.071 

80 

.020 

30 

.071 

90 

.022 

Uo 

.071 

700 

.02U 

1050 

.071 

10 

.026 

60 

,071 

20 

.028 

70 

.071 

30 

.029 

80 

.071 

Uo 

.030 
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^7- 

Diseased  and  Rnst  Resisting  Rye 
(From  Beltsville,  Maryland) 

Spectral  Directional  Reflectance  of  the  Lea-ves  of  the  Indicated  Rye  Specimens 
for  the  '^^sible  and  Near  Infrared  Spectrum,  i;00  to  1080  Millimicrons.  (See 
Appendix  A|  GE  Graph  Sheets  Serial  No.  GE  II  - 1376  and  1377  o) 


(18)  Leaves  of  Rye  (19)  Leaves  of  Rye  (20)  Leaves  of  Rye 

Diseased Non-diseased  (unpotted  plant) 


Wave 

Length 

nu 

h 

Wave 

Length 

__np  _ 

Wave 

Length 

Wave 

Length 

Rx 

Wave 

Length 

nu 

Wave 

Length 

Rx 

llOO 

0.11*0 

750  1 

0.556 

1*00 

0.11*1 

750 

0.596 

1*00 

0.116 

750 

0.688 

. 10 

.11*0 

60 

.565 

10 

oiUU 

60 

.608 

10 

.U8 

60 

.721 

20 

.11*0 

70 

.571 

20 

.11*5 

70 

.611* 

20 

.118 

70 

.736 

30 

.11*0 

80 

.575 

30 

.11*1* 

80 

0616 

30 

<,H7 

80 

.71*3 

Uo 

.11*0 

90 

.580 

Uo 

oiUU 

90 

.619 

1*0 

.116 

90 

.71*6 

1*50 

.iia 

800 

.581* 

1*50 

. oiUU 

800 

.620 

1*50 

.116 

800 

.71*8 

60 

.11*2 

10 

.587 

60 

o!iUU 

10 

.620 

60 

.116 

10 

.71*9 

70 

.114* 

20 

.590 

70 

.lUU 

20 

.620 

70 

.116 

20 

.750 

80 

.11*1* 

30 

.591* 

80 

.lUU 

30 

.620 

80 

.116 

30 

-750 

90 

.1U6 

Uo 

.596 

90 

.lUU 

Uo 

.620 

90 

.115 

Uo 

.71*9 

vn 

8 

.151* 

85o 

.600 

500 

.11*6 

850 

.620 

500 

.119 

850 

.71*9 

10 

.172 

60 

,602 

10 

.159 

60 

.620 

10 

.130 

60 

.71*9 

20 

.202 

70 

.601* 

20 

.186 

70 

.620 

20 

.155 

70 

.71*9 

30 

.236 

80 

.608 

30 

.211* 

80 

.620 

30 

.181* 

80 

.71*9 

ho 

.256 

90 

.610 

Uo 

.226 

90 

.620 

Uo 

.195 

90 

.71*8 

550 

.266 

900 

.612 

550 

o230 

900 

.620 

550 

.198 

900 

.71*8 

60 

.269 

10 

.611* 

60 

.221* 

10 

.620 

60 

.193 

10 

.71*6 

70 

.259 

20 

.616 

70 

.206 

20 

.620 

70 

.176 

20 

.71*1* 

80 

.21*6 

30 

.616 

80 

.188 

30 

.620 

80 

.159 

30 

.739 

90 

o239 

Uo 

. 616 

90 

.178 

Uo 

.618 

90 

.150 

Uo 

.729 

600 

.235 

950 

.611* 

600 

.171* 

950 

.611* 

600 

.11*1* 

950 

.716 

10 

.230 

60 

.612 

10 

.166 

60 

.612 

10 

.138 

60 

.703 

20 

.223 

70 

.612 

20 

.160 

70 

,612 

20 

0I31 

70 

.698 

30 

.221 

80 

,611* 

30 

.156 

80 

.611* 

30 

.128 

80 

.698 

Uo 

.211* 

90 

.6L8 

Uo 

.150 

90 

.618 

Uo 

.123 

90 

.702 

650 

.200 

1000 

.621 

65o 

.11*2 

1000 

.620 

650 

.116 

1000 

.709 

60 

•191 

10 

.626 

60 

.136 

10 

.621* 

60 

.110 

10 

.716 

70 

.180 

20 

.630 

70 

0I32 

20 

.628 

70 

.106 

20 

.721* 

80 

.179 

30 

.631* 

80 

0I3I 

30 

.631 

80 

.105 

30 

o730 

90 

.219 

Uo 

.638 

90 

.150 

Uo 

.631* 

90 

.121 

Uo 

.735 

700 

.31U 

1050 

.61*1 

700 

o219 

1050 

.638 

700 

.192 

1050 

.739 

10 

.398 

60 

.61*2 

10 

.311 

60 

• 6U0 

10 

.288 

60 

.71*1 

20 

.U6U 

70 

.6U5 

20 

.1*10 

70 

.6U2 

20 

.1*00 

70 

.71*2 

30 

.516 

80 

06U6 

30 

.506 

80 

.61*2 

30 

.530 

80 

.71*2 

Uo 

.51*1 

1*0 

.561* 

Uo 

• 626 
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lo  Field-Grown  Specimens  frcpi  Stillwater 5 Oklahoma 

All  of  the  16  specimens  from  field-grown  wheat  plants  grown  at  the 
T3SDA  Plant  Industry  Station,  Stillwater,  Oklahoma,  are  considered  in  this 
part  of  this  report®  These  specimens  were  from  fields  photographed  from  a 
plane  a day  or  two  preidous  to  the  date  recei'^d  at  the  KBS®  Ihe  specimens 
were  flown  from  Stillwater,  Oklahoma,  to  Washington,  C®,  and  were  brought 
to  the  NBS  for  measurement  by  Dr®  R®  N®  Colwell  on  May  29^  1952®  The  speci- 
men designations  given  by  Dr®  Colwell,  together  with  the  specimen  numbers 
used  throughout  this  section  of  this  report  are  listed  in  Table  V® 

Figures  I8  through  25  show  the  spectral-directional-reflectance  curves 
of  the  specimens  designated  in  the  legends  of  the  iUustraticns®  The  data 
used  for  these  illustrations  are  taken  from  those  shown  in  Appendix  C and 
listed  in  Appendix  D® 

The  chroma ticity  coordinates,  dominant  wavelength,  and  excitation  purity 
of  the  specimens  of  these  eight  illustrations  are  shown  in  segments  of  the 
C.I.E®  chroma  ticity  dia^am,  for  Source  C,  in  Figures  26  through  28®  The 
data  used  for  these  illustrations  are  listed  in  Table  YE®  Table  VI  also 
lists  the  daylight  reflectance  of  the  I6  specimens® 

The  Munsell  renotations  of  these  same  specimens  are  illustrated  in  the 
schematic  diagrams  of  the  "Ideal  Munsell  Slystem"  in  Figures  29  through  31« 

The  data  used  for  these  illustrations  are  listed  in  Table  YEI  together  with 
the  corresponding  ISCC-NBS  color  designations® 

Determinations  were  made  of  color  difference  between  the  related  ^eci- 
mens  indicated  in  Table  VIII  ® 
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Figure  18«  Visible  and  near  infrared  spectral 

directional  reflectance  of  the  leaves  of  two 

specimens  of  mature,  field-grown,  wheat  plants  s 

(21)  Leaves  of  WESTAR,  Section  2,  Field  C 
High  rust  severity 

(2U)  Leaves  of  WESTAR,  Section  2,  Field  C 
Low  rust  severity 
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Figure  19«  Visible  and  near  infrared  spectral 

directional  reflectance  of  the  heads  (fruit)  of 

two  specimens  of  mature,  field-grown,  wheat  plants; 

(22)  Heads  of  WESTER,  Section  2,  Field  C, 
High  rust  severity 

(25)  Heads  of  WESTAR,  Section  2,  Field  C, 
Low  rust  severity 
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Figure  20.  Visible  and  near  infrared  spectral 

directional  reflectance  of  the  stalks  of  two 

specimens  of  mature,  field-grown,  wheat  plants; 

(23)  Stalks  of  ‘WESTAR,  Section  2,  Field  C, 
High  rust  severity 

(26)  Stalks  of  VESTAR,  Section  2,  Field  C, 
Low  rust  severity 
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Figure  21*  Visible  and  near  infrared  spectral 
directional  reflectance  of  the  heads  (fruit) 
of  two  specimens  of  mature,  field-grown,  wheat 
plants : 

(27)  Heads  of  WICPIITA,  Section  5,  Field  D, 
High  rust  severity 

(29)  Heads  of  WICHTTA,  Section  5,  Field  D, 
Low  rust  severity 
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Figure  22.  Visible  and  near  infrared  spectral 
directional  reflectance  of  the  stalks  of  two 
specimens  of  mature,  field-grown,  wheat  plants; 

(28)  Stalks  of  WICHITA,  Section  5,  Field  D, 


High  rust  severity 

(30)  Stalks  of  WICHITA,  Section  5,  Field  D, 
Low  rust  severity 


.~^K. 

^''  ' ^ (I 

Xjr^ooqe  br»  fkXdfcaiV  *SS 

cr«t  T:o®^ji3lfBta=^  !«e{%1o  sDnsX^aXtei  liifX’i^'Od'iJi) 


fif  Ji  ■■"  . >TW^  n g:  .,. 

^ 'V-  - ^ . I 

•;,;i:  {^wijsa  lo  eoB^ix^oqa, 


t*!  .Aiiaaiw  lo  eiuje  (8s)  ;; 

^ ^Xi<5V9«  ^iBtn  lisXii. 


fl0i^398  tATffiOIW  lo'  ajtijBite  (OO 

,i  ■^I’litrM-.'f  fttn  woU 


•-V,  ■^. 

- f- 

. 4 

*n 


, I 

f 


■ ■ t 


L 

I ' 

^4*' 


■m 


' is  ... 

/4  t , 

r'.' 


< t' 

' ' ■) 


1^ 


■ V' 

■*.’. 


i r 


. ,■'■  . t * V.',  ^ 

.'*A  1 ’ • ^,^ 


\ ' 


* i*' V''‘':':.»  • .,  ■ ^ 

' f ■'  t.'-yf 


I " <•- 

) 


^ tv ■ 


•('s', 

• ' •'.I 


|..y  .'s  ■■  ■ :.i  ...  ■■■/-<;■/*..■.■ 

iV. V?  ' • <i.''  ■'■  .<•  / V ■•■.  ■ .f'iiai.'.'.  •■  ';> 

'!■  '’i'*'  , ■ , ' ^‘^’wm ■ ’'  - ^ * t<v .4 ■ 


-t*  ^ 

_v>  . ' 


',  . . .>S‘  •■ 

-/  ¥ < * 


/ • 


{ir-  '.V'.'k.'i'  • »-.fc ':,<  >i. ' ■.'•■'■  • ' : 

'■  vC;  '■  ■ ■■  ' ' ■ • ' '■■  • ',•■  ’■  ■'  ' - 


t‘  m 


.^yr  cr^  . ^ 

, p \ .y • 


A t' 


‘ !•  'iiJi  J!f.  . 


-.*!*►  *-^  ' •-  ' >V 

i "'^  ■ (4i.  ^ " *■ 


79- 


Figure  23  • Visible  and  near  infrared  spectral 

directional  reflectance  of  the  leaves  of  two 

specimens  of  mature,  field-grown,  wheat  plants: 

(31)  Leaves  of  BLUE  JACKET,  SectiOTi  9, 
Field  D 

(3U)  Leaves  of  BLUE  JACKET,  Section  11, 
Field  D 
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Figure  2U0  Visible  and  near  infl*ared  spectral 

directional  reflectance  of  the  heads  (fruit)  of 

two  specimens  of  mature,  field-grown,  wheat  plants: 

(32)  Heads  of  BLUE  JACKET,  Section  9, 
Field  D 

(35)  Heads  of  BLUE  JACKET,  Section  11, 
Field  D 
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Figure  25.  Visible  and  near  infrared  spectral 

directional  reflectance  of  the  stalks  of  two 

specimais  of  mature,  field-growi,  wheat  plants  s 

(33)  Stalks  of  BLUE  JACKET,  Section  9, 
Field  D 

(36)  Stalks  of  BLUE  JACKET,  Section  11, 
Field  D 
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Figure  26.  Segment  of  the  C.I.E^  chromaticity 
diagram  showing  dominant  wavelength,  excitatioi 
purity,  and  chromaticity  coordinates,  for  Source  C, 
of  the  leaves,  heads,  and  stalks,  of  two  specimens 
of  mature,  field  grown,  wheat  plants: 

(21)  Leaves  of  WESTAR,  Section  2,  Field  C, 
High  rust  severity 

(22)  Heads  of  IaJESTAR,  Section  2,  Field  C, 
High  rust  severity 

(23)  Stalks  of  WESTAR,  Section  2,  Field  C, 
High  rust  severity 

(2U)  Leaves  of  WESTAR,  Section  2,  Field  C, 
Low  rust  severity 

(25)  Heads  of  WESTAR,  Section  2,  Field  C, 
Low  rust  severity 

(26)  Stalks  of  WESTAR,  Section  2,  Field  C, 
Low  rust  severity 
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Figure  27 o Segment  of  the  CoI.Eo  chromaticity 
diagram  showing  dominant  wavelength,  excitation 
purity,  and  chromaticity  coordinates,  for  Source  C, 
of  the  heads  and  stalks  of  two  specimens  of  mature, 
field-grown,  wheat  plants: 

(27)  Heads  of  WICHITA,  Section  Field  D, 
High  rust  severity 

(28)  Stalks  of  WICHITA,  Section  5,  Field  D, 
High  rust  severity 

(29)  Heads  of  WICHITA,  Section  5,  Field  D, 
Low  rust  severity 

(30)  Stalks  of  WICHITA,  SectiOTi  5,  Field  D, 
Low  rust  severity 
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Figure  28.  Segment  of  the  C.I.E.  chroma ticity 
diagram  showing  dominant  wa’velength,  excitation 
purity,  and  chromaticity  coordinates,  for  Source  C, 
of  the  leaves,  heads,  and  stalks,  of  two  specimens 
of  mature,  field-grown,  wheat  plants: 

(31)  Leaves  of  BLUE  JACKET,  Section  9, 
Field  D 

(32)  Heads  of  BLUE  JACKET,  Section  9, 
Field  D 

(33)  Stalks  of  BLUE  JACKET,  Section  9, 
Field  D 

(3U)  Leaves  of  BLUE  JACKET,  Section  11, 
Field  D 

(35)  Heads  of  BLUE  JACKET,  Section  11, 
Field  D 

(36)  Stalks  of  BLUE  JACKET,  Section  11, 
Field  D 
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Figure  29*  Schematic  illustration  of  the 
vertical  and  horizontal  projections  of  the 
"ideal”  Munsell  system  showing  the  Munsell 
Value  (upper  diagram)  plotted  against  the 
Munsell  Hue  and  Chroma  points  projected 
from  the  lower  diagram  of  the  leaves,  heads, 
and  stalks,  of  two  specimens  of  mature,  field- 
grown,  wheat  plants: 

(21)  Leaves  of  WESTAR,  Section  2,  Field  C, 
High  riast  severity 

(22)  Heads  of  WESTAR,  Section  2,  Field  C, 
High  rust  severity 

(23)  Stalks  of  VESTAR,  Section  2,  Field  C, 
High  rust  severity 

(2li)  Leaves  of  TESTAR,  Section  2,  Field  C, 
Low  rust  severity 

(25)  Heads  of  WESTAR,  Section  2,  Field  C, 
Low  rust  severity 

(26)  Stalks  of  WESTAR,  Section  2,  Field  C, 
Low  rust  severity 
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Figure  30 o Schematic  iHustration  of  the 
vertical  and  horizontal  projections  of  the 
"ideal”  Munsell  system  showing  the  Mansell 
Value  (upper  diagram)  plotted  against  the 
Munsell  Hue  and  Chroma  points  projected 
ftom  the  lower  diagram  of  the  heads  and  stalks 
of  two  specimens  of  mature,  field-grown,  wheat 
plants: 

(27)  Heads  of  WICHITA,  Section  5,  Field  D, 
High  rust  severity 

(28)  Stalks  of  WICHITA,  Section  5,  Field  D, 
High  rust  severity 

(29)  Heads  of  WICHITA,  Section  5,  Field  D, 
Low  rust  severity 

(30)  Stalks  of  WICHITA,  Section  5,  Field  D, 
Low  rust  severity 
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Figure  31  o Schematic  illiistration  of  the 
vertical  and  horizontal  projections  of  the 
“ideal”  Munsell  system  showing  the  Mansell 
Value  (upper  diagram)  plotted  against  the 
Munsell  Hue  and  Chroma  points  projected 
from  the  lower  diagram  of  the  leaves,  heads, 
and  stalks,  of  two  specimens  of  mature,  field- 
grown,  wheat  plants: 

(31)  Leaves  of  BLUE  JACKET,  Section  9, 
Field  D 

(32)  Heads  of  BLUE  JACKET,  Section  9, 
Field  D 

(33)  Stalks  of  BLUE  JACKET,  Section  9, 
Field  D 

(3h)  Leaves  of  BLUE  JACKET,  Section  H, 
Field  D 

(35)  Heads  of  BLUE  JACKET,  Secticxi  11, 
Field  D 

(36)  Stalks  of  BLUE  JACKET,  Section  11, 
Field  D 
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Table  V 


List  of  the  specimens  raised  at  Stillwater,  Oklahoma,  and 
brought  to  the  NBS  by  DTo  Colwell  on  May  29s  1952. 

Object 

Number 

Specimen  Designations 

(21) 

(22) 

(23) 

(21») 

(25) 

(26) 

(27) 

(28) 

(29) 

(30) 

(31) 

(32) 

(33) 
(3U) 

(35) 

(36) 

Leaves  of  WESTAR,  Section  2,  Field  C,  High  Rust  Severity 
Heads  of  WESTAR,  Section  2,  Field  C,  High  Rust  Severity 
Stalks  of  WESTAR,  Section  2,  Field  C,  High  Rust  Severity 
Leaves  of  WESTAR,  Section  2,  Field  C,  Low  Rust  Severity 
Heads  of  WESTAR,  Section  2,  Field  C,  Low  Rust  Severity 
Stalks  of  WESTAR,  Section  2,  Field  C,  Low  Rust  Seveirlty 
Heads  of  WICHITA,  Section  5,  Field  D,  High  Rust  Severity 
Stalks  of  WICHITA,  Section  5,  Field  D,  High  Rust  Severity 
Heads  of  WICHITA,  Section  5,  Field  D,  Low  Rust  Severity 
Stalks  of  WICHITA,  Section  5,  Field  D,  Low  Rust  Severity 
Leaves  of  BLUE  JACKET,  Section  9,  Field  D 
Heads  of  BLUE  JACKET,  Section  9,  Field  D 
Stalks  of  BLUE  JACKET,  Section  9,  Field  D 
Leaves  of  BLUE  JACKET,  Section  11,  Field  D 
Hea<is  of  BLUE  JACKET,  Section  11,  Field  D 
Stalks  of  BLUE  JACKET,  Section  11,  Field  D 
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Table  VI 


Specimens  from  Stillwater^  Oklahoma 

Chromatic ity  Coordinates,  Daylight  Reflectances,  Dominant  Wavelength  and 
Ebccitation  Purity  for  C*I.E.  Source  C of  the  Specimens  Studied. 


Specimen 

Number 

Chromatici ty 
Coordinates 
X y 

Daylight 

Reflectance 

n%) 

Dominant 
Wavelength 
. (iv) 

Excitation 

Purity 

(^) 

(21) 

0.36U 

0.367 

22.9 

578.5 

28.0 

(22) 

.339 

.370 

20.3 

569.  U 

22.1 

(23) 

.329 

.365 

17.8 

565.8 

18.0 

(2lt) 

.330 

.363 

18.9 

566.1* 

17.9 

(25) 

• 3U2 

.371 

20.9 

570.3 

23.1 

(26) 

.336 

.378 

20.9 

566.1* 

23.1* 

(27) 

.357 

.373 

26.0 

575.0 

27.8 

(28) 

.376 

.387 

U3.5 

576.6 

36.8 

(29) 

.3U3 

.372 

23.3 

570.6 

23.7 

(30) 

.33lt 

.370 

20.6 

567.2 

20.9 

(31) 

.3li0 

.369 

21.0 

570.0 

22.2 

(32) 

.3U2 

.37U 

20.1* 

569.8 

21*.  0 

(33) 

.330 

.367 

19.0 

566.0 

18.9 

(3li) 

.338 

.366 

18.8 

569.9 

20.8 

(35) 

.3U2 

.375 

21,7 

569.6 

21*.  3 
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.363 

17.8 

565.6 

17.2 
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Table  VII 

Specimens  from  Stillwater 5 Oklahoma 

Mansell  Renotations  and  ISCC-NBS  Color  Designations  of  the  Specimens  Studied 


Specimen 

Number 

Mum  sell 
Renotation 

(21) 

2,UT 

5. 3/2. 3 

(22) 

2.I4GX 

5.1/2. 2 

(23) 

5.3GT 

ll.  8/2.1 

(2U) 

U.9GI 

U.  9/2.0 

(25) 

1.5GY 

5.1/2 .3 

(26) 

lt.9GY 

5.1/2. 6 

(27) 

5.9T 

5. 6/2. 6 

(28) 

U.0I 

7.O/U.2 

(29) 

1.3GY 

5.U/2.I1 

(30) 

U.3Gr 

5.I/2.3 

(31) 

1.7GY 

5.1/2. 2 

(32) 

2.0GY 

5.1/2.1* 

(33) 

5.2or 

U. 9/2.2 

(3li) 

1.6GX 

U. 9/2.0 

(35) 

2.3GX 

5.2/2.U 

(36) 

5.1*GI 

li.  8/2.0 

ISCC-NBS  Color  Designation 

Light  olivs  brown 
Grayish  yellow  green 
Grayish  yellow  green 
Grayish  yellow  green 
Light  grayish  olive 

Grayish  yellow  green 
Light  grayish  olive 
Grayish  yellow 
Light  grayish  olive 
Grayish  yellow  green 

Light  grayish  olive 
Grayish  yellow  green 
Grayish  yellow  green 
idght  grayish  olive 
Grayish  yellow  green 

Grayish  yellow  green 
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Table  VIII 

Specimens  from  Stillwater^  Oklahoma 

Color  Differences  Confuted  from  the  Godlo^re  Color-Difference  Forraala  between 
the  Specimens  Indicated. 


Col  or  “ Difference 
Between’  Specimens 

’ Number  ' Color  Difference 

Reference  Comparison  AE 


(2li) 

(21) 

11*6 

(25) 

(22) 

0.8 

(26) 

(23) 

6.5 

(21) 

(22) 

8.0 

(21) 

(23) 

13.3 

(2U) 

(25) 

U.8 

(21t) 

(26) 

5.0 

(27) 

(29) 

5.9 

(28) 

(30) 

Uo.U 

(31) 

(31*) 

ii.i 

(32) 

(35) 

2.0 

(33) 

(36) 

2.2 

(31) 

(32) 

1.0 

(31) 

(33) 

U.6 

(3U) 

(35) 

6.3 

(3U) 

(36) 

3.1 

1 
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Appendix  C 

Ozalid  copies  of  the  original  spectrophotometric 
recordings  of  the  l6  field-grown  specimens  of 
wheat  from  Stillwater^  Oklahoma,  made  on  a General 
He c trie  recording  spectrophotometer. 


■ ^'4 


•■^10  L'- 


.0 


. ..&:*  e.;!;, ;.t^  :•  '0%fjx-  - , . 0’'r^-:'b  :•  ’ 


J,'  . . y C-  .^ 


A 


■•  Kt: 

* -'.‘T 


) 


-102- 


Index  to  Appendix  C 


GE  Graph  Sheet  Serial 
Niiinber 


Specimen 

Visible 

Near  Infrared 

Curve 

Date 

Number 

Spectrum 

Spectrum 

Number 

Measured 

(21) 

GE  II-  975 

GE  II-  976 

1 

5-29-52 

(22) 

- 980 

- 977 

1 

5-29-52 

(23) 

- 979 

- 978 

1 

5-29-52 

(21.) 

- 975 

- 976 

2 

5-29-52 

(25) 

- 980 

- 977 

2 

5-29-52 

(26) 

- 979 

- 978 

2 

5-29-52 

(27) 

- 981 

- 982 

1 

5-29-52 

(28) 

- 981 

- 982 

2 

5-29-52 

(29) 

- 981 

- 982 

3 

5-29-52 

(30) 

- 981 

- 982 

h 

5-29-52 

(31) 

- 981. 

- 983 

1 

5-29-52 

(32) 

- 98U 

- 983 

2 

5-29-52 

(33) 

- 981. 

- 983 

3 

5-29-52 

(3W 

- 981. 

- 983 

1. 

5-29-52 

(35) 

- 98U 

- 983 

5 

5-29-52 

(36) 

- 98U 

- 983 

6 

5-29-52 
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Appendix  D 


Tables  of  spectral  directional  reflectance 
read  from  the  spec tropho tome trie  curves  of 
Appendix  Co 


Field  Infected  Wheat 
(From  Stillwater^  Oklahoma) 

Spectral  Directional  Reflectance  of  Ihe  Indicated  Parts  of  Field  Infected 
Mature  Wheat  Crops  for  the  Visible  and  Near  Infrared  Spectrum,  UOO  to  1080 
Millimicrons.  (See  Appendix  C$  GE  Graph  Sheets  Serial  No.  GE  II  =*  975*  976, 


977,  978,  9X9,  and  980.) 

(21)  Leaves  of  Wes  tar 
Section  2,  Field  C 
High  Rnst  Severity 

Wave  Wave 


Length 

irvL 

Rx 

Length 

miJL 

% 

ItOO 

0.110 

750 

0.1*98 

10 

.117 

60 

.509 

20 

.121* 

70 

.519 

30 

.129 

80 

.528 

Uo 

.131* 

90 

.536 

1*50 

.11*0 

800 

.5U5 

60 

.11*6 

10 

.551* 

70 

.150 

20 

.562 

80 

.156 

30 

.570 

90 

.160 

ho 

.578 

500 

.166 

85o 

.585 

10 

.176 

60 

.591 

20 

.190 

70 

.598 

30 

.208 

80 

.603 

ko 

.221* 

90 

.608 

550 

.236 

900 

.611* 

6o 

.21*1* 

10 

.619 

70 

.250 

20 

.623 

80 

.251 

30 

.626 

90 

.256 

1*0 

.630 

600 

.260 

950 

.631* 

10 

.261* 

60 

.636 

20 

.265 

70 

.639 

30 

.270 

80 

.6U2 

ho 

.270 

90 

.61*5 

650 

.265 

1000 

06U8 

60 

.262 

10 

.652 

70 

.260 

20 

o6^h 

80 

• 266 

30 

.658 

90 

.291* 

ho 

.659 

700 

.350 

1050 

0661 

10 

.399 

60 

o661i 

20 

.1*38 

70 

• 666 

30 

• U65 

80 

• 669 

ho 

•U8li 

(22)  Ifeads  of  Wes tar 
Section  2,  Field  C 
High  Rust  Severity 

Wave  Wave 

Length  R^  Length  R^ 


np. 

up. 

1*00 

0*100 

750 

0.573 

10 

.106 

60 

,600 

20 

.Hi* 

70 

.611* 

30 

• 121. 

80 

.622 

Uo 

.128 

90 

.626 

1*50 

.135 

800 

.630 

60 

.11*0 

10 

.632 

70 

.11*2 

20 

.63U 

80 

.11*5 

30 

•63U 

90 

,11*8 

ho 

.631* 

500 

.155 

85o 

• 63U 

10 

.169 

60 

06314 

20 

.189 

70 

.633 

30 

.210 

80 

.633 

ho 

.223 

90 

.632 

550 

o229 

900 

.631 

60 

• 230 

10 

.629 

70 

*223 

20 

,626 

80 

o212 

30 

.622 

90 

.206 

1*0 

.615 

600 

,202 

950 

.602 

10 

0I99 

60 

.586 

20 

•191 

70 

.572 

30 

,189 

80 

.565 

ho 

.181* 

90 

.563 

650 

.175 

1000 

.566 

60 

• I66 

10 

.570 

70 

.151* 

20 

.578 

80 

.150 

30 

.586 

90 

• 170 

Uo 

.591 

700 

-230 

1050 

.598 

10 

o300 

60 

.601 

20 

.380 

70 

.606 

30 

1*0 

' .1*58 
,528 

80 

0608 

(23)  Stalks  of  Wes tar 
Section  2,  Field  C 
High  Rust  Severity 

Wave  Wave 


Length 

Rx 

Length 

Rx 

1*00 

0.100 

750 

0.635 

10 

.101* 

60 

.663 

20 

• 112 

70 

.678 

30 

• 119 

80 

.685 

ho 

.121* 

90 

.688 

1*50 

,126 

800 

.690 

60 

.128 

10 

.690 

70 

.130 

20 

.691 

80 

• 130 

30 

.692 

90 

.131 

ho 

.692 

500 

.131* 

850 

,692 

10 

.IUI4 

60 

.692 

20 

.161* 

70 

.692 

30 

,189 

80 

.692 

I4O 

.201* 

90 

.692 

550 

.209 

900 

,692 

60 

• 207 

10 

.692 

70 

.196 

20 

.692 

80 

.180 

30 

.691 

90 

• 171 

Uo 

• 688 

600 

•I66 

950 

.681* 

10 

,162 

60 

.677 

20 

.156 

70 

.670 

30 

.151 

80 

•668 

I4O 

.11*8 

90 

•668 

650 

.11*0 

1000 

.670 

60 

.135 

10 

.671* 

70 

.128 

20 

.678 

80 

.126 

30 

.681 

90 

.136 

ho 

.686 

700 

•190 

1050 

.690 

10 

«279 

60 

.692 

20 

.385 

70 

.695 

30 

.1*92 

80 

.697 

l40 

.579 
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Field  Infected  Wheat 
(From  Stillwater,  Oklahoma) 

\ 

Spectral  Directional  Reflectance  of  the  Indicated  Parts  of  Field  Infected 
Mature  Wheat  Crops  for  the  ^sible  and  Near  Infrared  Spectrum,  UOO  to  1080 
Millimicrons.  (See  Appendix  C5  GE  Graph  Sheets  Serial  No.  GE  II  -975,  976, 
977,  978,  979,  and  980. ) 


(2i|)  Leaves  of  Westar  (25)  Heads  of  Westar  (26)  Stalks  of  Westar 

Section  2,  Field  C Section  2,  Field  C Section  2,  Field  C 

Low  Rust  Severity  Low  Rust  Severity  Low  Rust  Severity 


Wave 

Length 

Rx 

Wave 

Length 

iqi 

Wave 

Length 

IT4 

«x 

Wave 

Length 

nu 

Rx 

Wave 

Length 

iru 

Rx 

Wave 

Length 

..  m _ 

Rx 

hoo 

O.llli 

750 

0.598 

hoo 

OolOO 

750 

0.575 

1;00 

O.lOl; 

750 

0.670 

10 

.116 

60 

• 62U 

10 

.106 

60 

.600 

10 

.108 

60 

.695 

20 

.122 

70 

.639 

20 

.nU 

70 

.6lU 

20 

.116 

70 

.708 

30 

.129 

80 

c6U6 

30 

.122 

80 

.622 

30 

.121; 

80 

.711; 

ho 

•13lt 

90 

.650 

Uo 

.130 

90 

0626 

Uo 

.130 

90 

.716 

li5o 

.136 

800 

.653 

U5o 

.136 

800 

.630 

1;50 

.131; 

800 

.718 

60 

.138 

10 

.656 

60 

.lll2 

10 

.632 

60 

.136 

10 

.719 

70 

.138 

20 

.658 

70 

.lli6 
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Field  Infected  Wheat 
(Firom  Stillwater^  Oklahoma) 

Spectral  Directional  Reflectance  of  the  Indicated  Parts  of  Field  Infected 
Mhture  Wheat  Crops  for  the  Visible  and  Near  Infrared  Spectrum^  UOO  to  1080 
Millimicrons,  (See  Appendix  C|  GE  Graph  Sheets  Serial  No<»  GE  II  - 981  and  982.) 


(27)  Ifeads  of  Wichila  (28)  Stalks  of  Wichita 

Section  Field  D Section  5 5 Field  D 

High  Rust  Se^verity  High  Rust  Se •verity 
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Field  Infected  Wheat 
. (From  Stillwater,  Oklahoma) 

Spectral  Directional  Reflectance  of  the  Indicated  Parts  of  Field  Infected 
Mature  Wheat  Crops  for  the  Visible  and  Near  Infrared  Spectrum,  UOO  to  1080 
Millimicrons.  (See  Appendix  C|  GE  Graph  Sheets  Serial  No.  GE  II  - 981  and  982.) 


(29)  Heads  of  Wichita 
Section  Field  D 


(30)  Stalks  of  Wichita 
Section  5,  Field  D 
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Field  Infected  Wheat 
(From  Stillwater,  Oklahoma) 

Spectral  Directional  Reflectance  of  the  Indicated  Parts  of  Field  Infected 
Mature  Wheat  Crops  for  the  Visible  and  Near  Infrared  Spectrum,  UOO  to  1080 
Millimicrons.  (See  Appendix  C|  GE  Graph  Sheets  Serial  No.  GE  II  - 983  and  98ii«) 

(31)  Lea'ves  of  Blue  Jacket  (32)  Heads  of  Blue  Jacket  (33)  Stalks  of  Blue  Jacket 
Section  9y  Field  D Section  9s  Field  D Secticai  9^  Field  D 


Wave  Wave  Wave 

Length  Length  R^  Length  R^ 


nU 

Uoo 

0.106 

750 

0.593 

1*00 

0.098 

10 

.21h 

60 

.630 

10 

.103 

20 

.122 

70 

.61*1* 

20 

olio 

30 

.130 

80 

.653 

30 

.118 

Uo 

.136 
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• 660 
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.125 
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.litO 
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.136 
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.150 

1*0 

.68U 

90 
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.230 

70 

.232 

20 

.706 

70 
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... 
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Field  Infectad  Wheat 
(From  Stillwater,  Oklahoma) 

^jeclral  Directional  Reflectance  of  the  Indicated  Parts  of  Field  Infected 
Mature  Wheat  Crops  for  the  Visible  and  Near  Infrared  Spectrum,  1^00  to  1080 
Millimicrons*  (See  Appendix  C|  GE  Graph  Sheets  Serial  No*  (21  II  - 983  and  98I4.. ) 

(3U)  Leaves  of  Blue  Jacket  (35)  Heads  of  Blue  Jacket  (36)  Stalks  of  Blue  Jacket 
Section  11,  Field  D Section  H,  Field  D Section  11,  Field  D 


Wave  Wave  Wave  Wave  Wave  Wave 

Length  Length  R^  Length  R^  Length  R^  Length  R^  Length 


mp. 

nu 

ItOO 
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XI#  Discussion 

% 

The  spectrophotometry  of  diseased  and  healthy  cereal  crops  shows  that 

the  spectral  directional  reflectance  of  the  diseased  wheat  and  rye  plants 
differ  from  that  of  healthy  wheat  and  rye  plants  in  two  regions  of  the  hOO 
to  1080  millimicron  spectrum  studied|  namely^  6OO  to  700  millimicrons  in 
the  visible  spectrum,  and  ?50  to  900  millimiercns  in  the  near  infl'ared 
spectrum.  The  average  spectral  directional  reflectances  of  the  diseased 
wheat  specimens  behind  a cover  glass  were  found  to  be  0.228  at  6$0  milli- 
microns and  0.565  at  8OO  millimiercns.  Those  for  the  healthy  specimens 
were  found  to  be  0.11;5  and  0.655>  respectively.  After  subtracting  0.080 
from  each  of  these  values  to  correct  for  light  reflected  from  Ihe  cover 
glass,  we  find  the  reflectance  ratio,  diseased  to  healthy,  to  be  2.2^  at 
650  millimicrons  and  0.8j  at  800  millimicrons . 

These  differences  are  more  prominent  for  Ihe  leaves  of  the  young  wheat 
plants,  the  leaves  of  the  young  rye  plants,  the  leaves  of  Westar,  and  the 
heads  of  Wichita  (Figures  1,  2,  3,  l5^  I8,  and  21)  than  for  the  stalks  of 
Westar  and  Wichita,  and  the  leaves,  heads  and  stalks  of  Blue  Jacket.  These 
latter  do  not  show  the  crossing  over  of  the  curves  of  high  and  low  severity 
of  infestation  at  wavelength  730  mUliraicrons  (Figures  20,  22,  23,  2U,  and 

25). 


Both  of  the  young  wheat  plants  of  the  susceptible  variety  kept  at  low 
and  at  excessive  water  content  showed  signs  of  disease  (Figure  2),  with  the 
plant  kept  at  low  water  content  showing  the  more  advanced  degree.  No  evidence 
I of  disease  was  indicated  in  either  of  the  young  idieat  plants  of  the  resist- 
ing variety  (Figure  3),  one  kept  at  low,  the  other  at  excessive  water.  These 
plants  behaved  as  any  other  plant  would  when  allowed  to  dry  . Similarly, 
the  unpotted  rye  plant  with  soil  around  its  roots  and  wrapped  in  wet  paper 
showed  the  same  characteristics  as  the  wheat  plant  kept  at  excessive  water 
content  and  with  no  signs  of  disease  (Figure  l5). 

The  detection  of  diseased  wheat  heads  in  the  early  stages  of  maturity 
is  quite  similar  to  detection  of  diseased  leaves  as  may  be  seen  by  coirparing 
Figure  21  for  the  heads  of  Wichita  for  high  and  for  low  rust  severity  with 
Fig\ires  1,  2,  3^  l5>  and  18.  Note  that  the  chlorophyll  absorption  band  at 
670  millimicrons  is  weaker  for  the  plants  having  high  rust  severity,  regard- 
less of  whether  the  leaves  or  the  heads  are  considered.  Similarly,  both 
leaves  and  heads  of  the  plants  having  high  rust  severity  show  a decreased 
reflectance  in  the  infi*ared  (750  to  900  millimicrons)  region  of  the  spectrum 
which  like  the  weakening  of  the  chlorophyll  band  corresponds  to  highly  in- 
creased nunhers  of  spores  on  the  plant  (see  Figure  9 for  the  spectral  direc- 
tional reflectance  of  spores  alone).  On  the  other  hand,  this  pattern  of 
reflectance  changes  faiis  to  appear  in  the  measurements  (Figure  U)  of  the 
cultured  plants  from  BeltsviHe,  Maryland.  From  the  absence  of  the  chloro- 
phyll bands  in  Figure  U and  from  the  much  lessened  absorption  bands  for 
water  at  980  millimicrons,  it  is  apparent  that  the  heads  of  these  cultured 
plants  are  over-ripe  and  dried  out  coitpared  to  the  specimens  of  heads  of 
Wichita  ^ose  reflectances  are  shown  in  Figure  21.  Nevertheless,  the 
inoculated  heads  of  the  over-ripe  susceptible  plants  show  decreased  reflect- 
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ance  throughout  the  spectrum  coirpared  to  rust-resisting  plants  quite  con- 
sistent with  the  presence  of  increased  numbers  of  spares  on  the  plant 
structure.  Although  the  spectrsQ.  directional  reflectance  of  the  spores 
alone  is  superficially  similar  to  that  of  the  rust-resisting  oizer-ripe  wheat 
heads  in  that  there  is  a regular  increase  in  reflectance  with  wavelength, 
this  increase  starts  at  a longer  wavelength  (^20  milLimicrons)  for  the  spares 
than  it  does  for  the  over-ripe  wheat  heads  (less  than  I4.OO  ndllimicrons)  and 
corresponds  to  the  more  reddish  color  of  the  spores  (compare  in  Table  IH 
light  grayish  reddish  brown  with  li^t  grayish  yellowish  brown). 

The  spectral  directional  reflectance  curve  of  rust  spore  (Figure  9) 
shows  the  exlreme  position  of  change  that  a leaf,  stem  or  head  may  reach  if 
fully  covered  with  spore.  While  possibly  not  significant,  the  spectral- 
transndttance  cirve  of  the  leaf  rust  spore  (Figure  10)  shows  greater  struc- 
ture than  the  stem  rust  spore  or  of  the  pure  spore  specimens.  Leaf  rust 
spore  absorbs  strongly  in  the  UOO  to  520  millimicron  region  of  the  spectrum 
and  transmits  somewhat  between  530  and  IO8O  millimicrons  while  the  other  two 
spore  specimens  absorb  more  strongly  throughout  the  visible  spectrum  and 
transmit  only  slightly  in  the  near  infi»ared  spectrum.  This  could  be  explained 
by  the  fact  that  the  leaf  rust  spores  have  finer  grains  than  the  stem  rust 
spores  and  a uniform  thin  sample  of  leaf  rust  could  be  obtained.  Stem  rust 
spores  did  not  spread  well  enough  to  obtain  a sufficiently  uniform  thin 
specimen. 

All  of  the  C.I.E.  chroma ticity  diagrams  show  the  leaves  of  the  diseased 
plants  to  be  redder  than  the  leaves  of  the  healthy  plants  (Figures  5,  6,  I6, 
and  26).  The  chroma  ticity  points  for  the  leaves  of  the  healthy  plants  plotted 
between  dominant  wavelengths  557  and  56?  millimicrons | the  diseased  plants, 
between  571  and  58U  millimicrons | and  the  spore  specimens,  between  587  and 
591  millimicrons.  Ihe  excitation  purities  and  daylight  reflectances  of  the 
leaves  of  the  diseased  and  healthy  plants  were  essentially  the  same. 

The  charts  showing  these  data  in  terms  of  the  Itosell  renotations 
(Figures  7,  8,  17,  and  29)  likewise  indicate  this  clear-cut  division  of  the 
leaf  colors.  The  leaves  of  the  healthy  speciiiens  are  shown  to  have  Ifeinsell 
hues  between  9GY  and  the  diseased  plants,  between  IGT  and  9"2R|  and  the 
spore  specimens,  between  7YR  and  22R.  The  ISCC-^BS  color  designations  center 
about  grayish  yellow  green  for  the  leaves  of  the  healthy  plantsj  grayish 
olive,  for  the  leaves  of  the  diseased  plantsj  and  moderate  brown,  for  the 
spore  specimens.  The  designation  of  Ihis  disease  as  rust  is  thus  seen  to  be 
quite  apt. 

The  color  differences  computed  between  the  various  pairs  of  diseased  and 
healthy  specimens  show  that  the  leaves  of  healthy  wheat  or  2*ye  plants  vary 
among  individual  species  by  less  than  one  NBS  unit  of  color  difference  while 
differences  between  the  leaves  and  stalks  of  diseased  and  healthy  plants  vary 
between  8 and  UO  or  more  NBS  units  of  color  difference  depending  upon  the 
degree  of  severity  of  rust  infestation.  Large  color  differences  such  as  these 
should  be  readily  detectable  by  ordinary  color  photography. 
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Differences  between  the  heads  and  the  stalks  of  diseased  and  healthy 
^ plants  vai*y  erratically.  The  heads  of  Wes  tar  ^ Blue  Jacket,  and  Wichita 

show  differences  between  specimens  of  high  and  of  low  rust  severity  of  0.8, 

2.0,  and  6.5  NBS  units  of  color  difference  respectively,  while  the  heads 
of  the  susceptible  and  resisting  controlled  plants  showed  color  differences 
of  12.1  NBS  units  of  color  difference.  Similarly,  the  stalks  of  Blue  Jacket, 
Wes  tar,  and  Wichita  for  high  and  low  rust  severity  showed  differences  of  2*2, 
6.5,  and  h0*h  NBS  units  of  color  difference.  In  contrast  to  these  differences, 
those  obtained  for  the  leaves  of  the  diseased  and  of  the  healthy  plants  varied 
much  more  consistently^  that  is.  Blue  Jacket,  I4.I,  We  star,  11.6,  Rye  11.3, 
and  Suwan,  7*9  NBS  units  of  color  difference. 

In  order  to  photogp:‘aph  with  maximum  bri^tness  contrast  these  differ- 
ences between  diseased  and  healthy  plants  within  the  visible  spectrum  on 
black-and--white  film,  it  is  necessary  to  eliminate  all  of  the  spectrum  except 
that  portion  exhibiting  the  greatest  difference  (6OO  to  700  miliimicrons). 

This  may  be  accon^jlished  by  using  panchromatic  film  combined  with  an  orange- 
red  filter.  The  panchromatic  film  serves  a dual  role^first,  as  receiver  for 
the  desired  spectral  range  (6OO  to  700  millimicrons),  and  second,  as  eliminator 
of  undesired  energy  in  the  far-red  and  infra-red  parts  of  Ihe  spectrum  (wave- 
lengths greater  than  700  millimicrons)  in  which  the  film  is  insensitive.  The 
orange-^ed  glass  or  gelatin  filter  serves  to  absorb  the  undesired  radiant 
energy  of  wavelengths  less  Ihan  600  millimicrons.  Suggested  glass  filters, 
available  for  this  purpose  from  Coming  Glass  Works,  Coming,  N.  T.,  are 
Color  Spec.  Nos.  2-6l  and  2-62  (Glass  Code  2l|12  and  2iil8,  respectively)  in 
^ standard  thicknesses  of  about  3»0  mm.  Alternatively,  Wratten  filter  29,  or 

^ possibly  2I4,  25a,  or  26,  available  fl*om  Eastman  Kodak  Coirpary,  Rochester, 

N.  Y. , may  be  used. 

In  order  to  photograph  with  maximiim  brightness  contrast  these  differences 
between  diseased  and  healthy  plants  within  the  infrared  spectrum,  it  is  nec- 
essary to  eliminate  all  of  the  spectrum  except  that  portion  exhibiting  the 
second  greatest  difference  (750  to  900  mill Imicrons ) . This  may  be  accom- 
plished by  using  so-called  infrared  photographic  film  combined  with  a deep 
red  filter.  The  infrared  film  serves  a dual  role,  first,  as  receiver  for  the 
desired  spectral  range  (750  to  900  millimicrons),  and,  second,  as  eliminator 
of  the  radiant  energy  of  wavelength  ^eater  than  900  millimicrons  to  which 
the  film  is  relatively  insensitive.  The  deep  red  filter  of  glass  or  gelatin 
serves  to  absorb  the  undesired  radiant  energy  of  wavelength  less  than  7?0 
mill imicr oils.  Suggested  filters  are  Vfratten  filter  87  or  Corning  glass  code 
25UO,  Color  Spec.  No.  7=’56,  in  standard  thickness  of  approximately  3*0  mi. 

The  healthy  plants  will  appear  dark  on  the  photographic  print  from  the 
film  taken  in  the  6OO  to  700  millimicron  region  of  the  spectrum  and  the 
diseased  plants  will  appear  lighter.  The  lightness  contrast  will  depend 
vpan.  the  degree  of  infestation.  On  the  photographic  film  taken  in  the  750 
to  900  millimicron  region  of  the  spectrum,  the  healthy  plants  will  appear 
light  and  the  diseased  plants  darker.  In  this  case,  the  greater  Ihe  degree 
of  infestation,  the  darker  win  be  the  rendition. 
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Information  on  the  spec trophotome trie  behavior  of  the  controlled  plants 
from  Beltsville,  Maryland^  was  orally  given  to  Lt.  Comdr.  R.  N*  Colwell  prior 
to  the  U.  S.  Navy  flight  (May  1952)  over  the  wheat  fields  of  Stillwater, 
Oklahoma,  together  with  proposed  methods  for  the  isolation  of  the  two  regions 
of  the  spectrum  discussed  above*  After  the  Stillwater  flight,  spectrophoto- 
metric  data  on  the  leaves  of  Wes  tar  wheat  from  Stillwater  were  obtained 
(May  29,  1952)  and  were  given  to  Comdr*  Colwell  on  the  same  day*  These 
methods  and  data  were  presented  by  him  at  various  meetings  in  1952  (see 
Chronology,  Appendix  E),  and  by  Keegan  [l2j  before  the  19th  Meeting  of  the 
American  Society  of  Photogramme  try  in  January  1953* 

The  results  of  examining  the  photographs  taken  on  these  Stillwater 
flights  are  summarized  in  a report  [13^  ot  the  U.  S*  Naval  Photointerpretation 
Center,  signed  by  L*  W*  Keith,  officer-in-charge,  as  follows  (page  3)%  ”The 
tonal  conparison  on  the  panchromatic  film  with  both  the  12  and  25A  filters 
shows  some  promise*  However,  in  this  test  area  the  infrared  film  was  not  of 
much  value.”  This  result,  though  disappointing  for  the  infrared  fi3jm,  was  not 
entirely  unanticipated 5 note  that  the  average  contrast  at  8OO  millimicrons  is 
only  1$%  compared  to  12^%  at  6^0  millimicrons  (Suwon,  Figure  1|  Wes  tar. 

Figure  I8). 

A second  test  of  the  recommended  film-filter  combinations  was  made  on 
August  lU,  1952o  Aerial  photographs  were  made  of  7 plots  (5  rows  of  plants 
per  plot)  of  wheat  growing  at  the  Plant  Industry  Station,  USDA,  Langdon, 

North  Dakota.  The  infestatian  of  each  plot  with  the  pathogen,  Puccinia 
graminis  tritici,  which  causes  black  stem  rust  of  wheat,  was  recorded,  and 
the  record  indicates  infestations  varying  from  5^  to  80^*  The  results  of 
examining  the  photo^aphs  taken  on  these  Langdon  flights  was  summarized  in 
the  Keith  report  \_13\  as  follows  (page  U)s  ”The  plots  of  high  rust  incidence 
showed  up  very  clearly  on  infrared  and  color  photography*  The  prints  from 
panchromatic  film  with  min\2s  blue  filter  showed  various  tones  of  gray  but 
the  differences  were  not  confined  to  either  diseased  or  healthy  wheat*  The 
same  applied  to  the  coverage  using  panchromatic  film  with  2$A  filter.” 

Two  comments  may  be  made  on  this  suitmary*  In  the  fdrst  place  the  photo- 
graphs accompanying  the  report  Ql3~i  seem  to  show  that  both  of  -the  reconmended 
fiJjii-filter  coniinations  are  successful,  and  indeed  the  distinctions  on  the 
photograph  taken  by  means  of  panchromatic  film  with  filter  2?A  are  clearer 
than  those  taken  on  infrared  film  with  filter  89A.  In  other  words  we  see  the 
results  of  this  test  as  confirming  our  choices  of  film-filter  combinations 
based  on  wheat  plants  (Wes tar)  of  a probably  different  variety  infested  with 
a different  paihogen,  Puccinia  triticina,  which  causes  leaf  rust  of  wheat 
rather  than  black  stem  rust,  and  this  apparent  confirmation  suggests  -that  the 
spectral  characteristics  of  the  wheat  plants  growing  in  Langdon  are  closely 
those  of  the  Stillwater  plants*  On  the  other  hand,  if  the  summaiy  (which 
may  be  based  on  better  prints)  is  really  correct,  then  failure  of  our  first- 
choice  filter-film  combination  my  simply  be  an  indication  that  the  Langdon 
plants  differ  in  spectral  character  importantly  from  the  Stillwater  plants* 
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It  may  be  noted  in  passing  that  the  graph  of  the  spectral  data  included 
in  the  Pfeith  report,  subsequently  copied  in  a paper  by  Truesdell  [lUl  9 
although  intended  to  be  identical  with  Figure  18  of  the  present  report, 
actually  contained  serious  errors  of  transcription  as  noted  in  Truaesdell*s 
second  paper  []lUl  . 


These  two  atteii5)ts  to  utilize  film-filter  combinations  indicated  by 
spec  tropho  tome  trie  studies  of  wheat  plants,  though  obviously  not  conclusive, 
nevertheless  indicate  that  the  method  of  detecting  rust-infected  wheat  fields 
by  aerial  photography  has  considerable  promise.  Extensive  additional  field 
tests  should  be  made  by  color  photography  and  by  black-and-white  photography 
with  film-filter  combinations  precisely  in  accord  with  those  indicated  by 
spectrophotometry  for  the  particular  plants  and  pathogens  involved.  Colwell 
I6J  has  undertaken  some  of  these  needed  field  tests  and  presented  a 
number  of  his  new  photographs  at  the  National  Bureau  of  Standai*ds  on  August  19, 
195U. 


XII*  Conclusicns 

1.  All  specimens  studied,  both  wheat  and  rye,  indicate  that  plants 
infected  with  wheat  rust  are  redder  than  non-inf ec ted  plants  of  Ihe  same 
kind. 


2.  The  diseased  and  non-diseased  rye  specimens  showed  the  same  kinds 
of  differences  as  diseased  and  non-diseased  wheat  specimens. 

3.  Ilie  spectral  regions  within  which  the  ratio  of  spectral  reflectance 
of  the  diseased  specimens  to  that  for  the  healthy  specimens  was  greatest  is 
600  to  700  millimicrons,  and  that  within  which  it  is  next  greatest  is  750 

to  900  nnllimicrcns. 

U.  For  the  most  certain  detection  of  wheat  rust  liy  black-and-white 
aerial  photography,  a combination  of  filters  and  photographic  film  maximally 
sensitive  within  the  spectral  range  (6OO  to  700  millimicrons)  is  indicated. 
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Appendix  £ 


Chronology  of  pertinent  events  in  these  investigations  from. 
the  first  meeting  in  which  NBS  personnel  participated  in  April 
19^2  to  the  preparation  of  the  present  report  in  July  1956. 


April  2,  1952.  Meeting  to  initiate  this  study  called  by  Dr.  Everett  F.  Davis, 
Executive  Secretary,  Coimiittee  on  Plant  and  Crop  Ecology,  National 
Research  Council.  Meeting  held  in  the  laboratory  of  Dr.  Robert  B. 
Withrow,  Director,  Division  of  Radiation  of  Organisms,  Smithsonian 
Institution,  Washington,  D.  C.  Those  present  were:  Dr.  E.  F.  Davis, 

Dr.  R.  B.  Withrow,  Mrs.  R.  B.  Withrow,  Miss  B.  B.  Britton,  Dr.  H.  T. 
0*Neill,  Lt.  Cmdr.  R.  N.  Colwell,  Mr.  R.  C.  Ifeller,  Mr.  R.  H.  Moyer, 

Dr.  W.  S.  Benninghoff,  and  Mr.  H.  J.  Keegan. 

May  1,  1952.  The  second  planning  meeting  was  held  in  Dr.  Davis*  offices  in 
the  Dupont  Circle  Building,  Washington,  D.  C.  Those  present  were: 

Dr.  E.  F.  Davis,  Miss  B.  B.  Britton,  Lt.  Cia^.  R.  N.  Colwell,  Lt.  J.  W. 
Hall  stead  (USN),  Mr.  R.  H.  Moyer,  Dr.  L.  0.  Quam,  Dr.  R.  B.  Withrow, 

Dr.  H.  A.  Rodenhiser,  and  Mr.  H.  J.  Keegan.  At  this  meeting,  a National 
Research  Council  memo,  dated  May  1,  1952,  entitled,  "Guide  to  photography 
and  field  work**  was  prepared  by  Lt.  Cmdr.  Colwell,  Mr.  Keegan,  and  Dr. 
Rodenhiser  on  flight  instructions,  spectrophotometry,  and  plant  culture, 
respectively. 

May  7 9 1952.  Initial  spectral  directional  reflectance  curves  were  made  on 
some  of  Dr.  Rodenhiser  *s  young  wheat  plants,  that  were  grown  in  pots 
under  controlled  conditions  at  Beltsvdlle,  Maryland,  which  he  brought 
to  the  NBS  for  measurement. 

May  15,  16,  and  26,  1952.  Additional  specimens  of  cut  wheat  leaves  and  pure 
spore  were  bro\jght  from  Beltsville  for  measurement  at  the  NBS. 

May  29,  1952.  Lt.  Cmdr.  Colwell  brought  to  the  NBS  for  measiarement,  speci- 
mens of  diseased  and  rust-resisting  field-grown  wheat  plants  flown  to 
Washington,  D.  C.  fi’om  Stillwater,  Oklahoma.  Spectrophotometric  curves 
of  the  leaves  of  specimens  of  Westar  wheat  having  high  and  low  rust 
severity  were  gi'ven  to  Lt.  Cmdr.  Colwell  after  the  completion  of  the 
measurements  that  day. 

June  1952.  Additional  specimens  of  cut  wheat  leaves  from  inoculated  plants 
ai^d  specimens  of  pure  stem  and  leaf  rust  were  brought  to  the  IBS  for 
measurement  by  Dr.  Rodenhiser  and  Dr.  C.  V.  Lowther. 

September  3,  1952.  Spectrophotometric  curves  of  the  heads  and  stalks  of  high 
and  low  rust  severity  Westar  wheat  plants  were  given  to  Lt.  Cmdr.  Colwell 
for  his  talk  before  the  Optics  Division,  Armed  Services  Research  and 
Development  Board. 


Septenber  5,.  1952.  Lt.  Cmdr.  Colwell  informally  presented  the  data  obtained 
on  May  29,  1952,  together  with  photographs  of  fields  of  growing  wheat, 
to  the  members  of  the  Seventh  Congress  of  the  International  Society  of 
Photogrammetry,  sponsored  by  the  American  Society  of  Photogrammetry,  at 
the  Shoreham  Hotel,  Washington,  D.  C. 

September  7,  1952.  Lt.  Cmdr.  Colwell  presented  the  same  material  to  the  NEC 
Ccmaraittee  on  Plant  and  Crop  Ecology,  Dr.  R.  E.  Cleland,  Chairman,  at 
Cornell  Uhiversity,  Ilhaca,  N.  Y. 

December  1,  1952.  Mr.  Keegan  was  thanked  by  the  Executive  Secretary,  Dr.  E.  F. 
Davis,  by  letter,  for  the  ** spectral  analysis  of  the  plant  materials  from 
Beltsville,  and  those  involved  in  photographic  work  done  this  summer  in 
Oklahoma** . The  whole  matter  was  dropped  tenporarily  with  the  following 
statement  **while  the  resulting  in*^rpr station  by  the  Subcommittee  on 
Crop  CJeography  and  Vegetation  Analysis  was  not  altogether  conclusive, 
it  has  given  a good  indication  of  the  present  limitations  in  this  field, 
and  the  value  of  continuing  research*’. 

I 

January  l6,  1953*  H.  J.  Keegan  presented  a paper  at  Ihe  Nineteenth  annual 

meeting  of  the  American  Society  of  Photogrammetry  on  the  **Use  of  reflec- 
tion spectra  for  photointerpretation  purposes**  by  H.  J.  Keegan  and  J.  C. 
Schlet^.  The  abstract  of  this  paper  was  published  in  Photogramme  trie 
Bigineering  XIX,  107  (1953). 

January  30,  1953*  Cmdr.  L.  W.  Keith,  Officer  in  charge,  U.  S.  Ifeval  Photo- 
graphic Interpretation  Center  (U.  S.  Naval  Receiving  Station,  Washington 
25,  D.  C. ),  issued  Report  No.  102-53  *’ Aerial  photogrs^hic  interpretation 
of  diseased  and  healthy  cereal  crops”.  (This  report  contains  a graph  of 
the  spectral  directional  reflectance  of  the  leaves  of  Westar  based  on 
NBS  measurements  but  with  wrong  labeling  of  the  wavelength  scale). 

June,  1953*  In  the  issue  of  Photogrammetric  B:igineering  (vol.  XIX,  U68  to 
U72)  there  appeared  a **Report  of  unclassified  military  terrain  studies 
section”  by  Page  E.  Truesdell,  U.  S.  Navy  Photographic  Interpretation 
Center,  Washington,  D.  C.  This  report  was  a part  of  the  report  of  the 
Photo  Interpretation  Committee  of  the  American  Society  of  Photogrammetry. 
This  paper  contained  the  spectral  directional  reflectance  curves  of  the 
leaves  of  Westar  wheat  plants,  having  high  and  low  rust  severity,  that 
had  been  given  to  Lt.  Cmdr.  ColweH  on  May  29,  1952*  The  wrongly  labeled 
graph  from  the  Keith  report  was  used  for  this  illiistration.  The  error 
was  drawn  to  the  attention  of  Mr.  Truesdell  by  telephone  on  August  17, 
1953,  who  arranged  to  have  the  corrected  graph  published  (Photogrammetric 
aigineering,  XIX,  85l|  Deceiiber,  1953). 

Noveitfoer  20,  1953*  At  a closed  meeting  in  the  Pentagon,  Er.  Colwell  again 
presented  the  series  of  photographs  which  were  taken  over  Stillwater, 
Oklahoma,  on  May  27  or  28,  1952,  Langdon,  North  Dakota,  on  August  lU, 

1952,  and  over  Davis,  California,  in  the  fall  of  1953* 

January  19,  195U»  Brs.  Colwell  and  Davis  brought  specimens  of  diseased  and 
nen-diseased  rye  plants  to  the  NBS  for  spec trophotome trie  ir^surements 
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to  see  if  rye  plants  infected  -with  mst  behaved  in  the  same  way  as  wheat 
plants  infected  with  rnst, 

March  12,  19^h*  Messrs®  ¥.  Paul  Brandenburg  and  H.  J.  Keegan  met  with  Dr* 

Davis  in  his  offices  in  the  Bixpaat  Circle  Building,  Washington,  D®  C. 
to  discuss  the  continuation  of  the  work  of  the  subcommittee  on  Crop 
Geography  and  Vegetation  Analysis,  by  Dr*  Colwell,  Associate  Professor 
of  Forestry,  Uhiversity  of  California,  B^keley,  California. 

March  31>  195U*  The  Committee  on  Plant  and  Crop  Ecology  of  the  National 
Research  Council  was  terminated® 

May  26,  195U*  Dr.  Colwell  agreed  to  continue  his  studies  of 
this  method  of  photointerpretation  with  support  by  WADC. 

August  19,  19$h^  Dr.  Colwell  presented  his  aerial  photographs  taken  with  color, 
black  and  white,  infrared,  and  camouflage  detecting  fUms  at  a meeting  at 
the  NBS.  Those  presents  Msssrs.  Branderburg,  Jacocks,  and  Warren  of 
WADC;  Dr.  Judd,  Messrs.  Keegan,  Schleter,  and  Denne  of  NBS. 

December  31,  195U»  A looseleaf  notebook  containing  the  pre-publication  draft 
of  a paper  entitled  ”The  identificaticii  of  cereal  crop  diseases  on  aerial 
photographs**,  by  Dr.  R®  N.  Colwell  was  received. 

May  U,  1955*  The  notebook  and  pre-publication  paper  by  Dr®  Colwell,  received 
at  the  NBS  December  31,  195 U,  was  returned  to  him  at  his  request® 

March  27,  1956®  Dr®  Colwell  gave  Mr.  Keegan  a *’ ditto**  copy  of  his  paper 

**Determining  the  prevalence  of  certain  cereal  crop  diseases  by  means  of 
aerial  photography*'  for  review. 
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